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Nonmonetary Effects of the Financial Crisis in the 
Propagation of the Great Depression 


By BEN S. BERNANKE* 


During 1930—33, the U.S. financial system 
experienced conditions that were among the 
most difficult and chaotic in its history. 
Waves of bank failures culminated in the 
shutdown of the banking system (and of a 
number of other intermediaries and markets) 
in March 1933. On the other side of the 
ledger, exceptionally high rates of default 
and bankruptcy affected every class of bor- 
rower except the federal government. 

An interesting aspect of the general finan- 
cial crises—most clearly, of the bank failures 
—was their coincidence in timing with ad- 
verse developments in the macroeconomy.! 
Notably, an apparent attempt at recovery 
from the 1929-30 recession? was stalled at 
the time of the first banking crisis (Novem- 
ber-December 1930); the incipient recovery 
degenerated into a new slump during the 
mid-1931 panics; and the economy and the 
financial system both reached their respec- 
tive low points at the time of the bank “holi- 
day" of March 1933. Only with the New 
Deal’s rehabilitation of the financial system 
in 1933-35 did the economy begin its slow 
emergence from the Great Depression. 

* A possible explanation of these synchro- 
nous movements is that the financial system 
simply responded, without feedback, to the 
declines in aggregate output. This is con- 
tradicted by the facts that problems of the 
financial system tended to lead output de- 


*Stanford Graduate School of Business and Hoover 
Institution. I received useful comments from too many 
people to list here by name, but I am grateful to each of 
them. The National Science Foundation provided par- 
tial research support. 

'This is documented more carefully in Sections ILC 
and IV below. 

? This paper does not address the causes of the initial 
1929-30 downturn. Milton Friedman and Anna 
Schwartz (1963) have stressed the importance of the 
Federal Reserve's "anti-speculative" monetary tight- 
ening. Others, such as Peter Temin (1976), have pointed 
out autonomous expenditure effects. 
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clines, and that sources of financial panics 
unconnected with the fall in U.S. output 
have been documented by many writers. (See 
Section IV below.) 

Among explanations that emphasize the 
opposite direction of causality, the most 
prominent is the one due to Friedman and 
Schwartz. Concentrating on the difficulties 
of the banks, they pointed out two ways in 
which these worsened the general economic 
contraction: first, by reducing the wealth of 
bank shareholders; second, and much more 
important, by leading to a rapid fall in the 
supply of money. There is much support for 
the monetary view. However, it is not a 
complete explanation of the link between the 
financial sector and aggregate output in the 
1930's. One problem is that there is no the- 
ory of monetary effects on the real economy 
that can explain protracted nonneutrality. 
Another is that the reductions of the money 
supply in this period seems quantitatively 
insufficient to explain the subsequent falls in 
output. (Again, see Section IV.) 

The present paper builds on the Fried- 
man-Schwartz work by considering a third 
way in which the financial crises (in which 
we include debtor bankruptcies as well as the 
failures of banks and other lenders) may 
have affected output. The basic premise is 
that, because markets for financial claims are 
incomplete, intermediation between some 
classes of borrowers and lenders requires 
nontrivial market-making and information- 
gathering services. The disruptions of 1930— 
33 (as I shall try to show) reduced the ef- 
fectiveness of the financial sector as a whole 
in performing these services. As the real costs 
of intermediation increased, some borrowers 
(especially households, farmers, and small 
firms) found credit to be expensive and dif- 
ficult to obtain. The effects of this credit 
squeeze on aggregate demand helped convert 
the severe but not unprecedented downturn 
of 1929—30 into a protracted depression. 
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It should be stated at the outset that my 
theory does not offer a complete explanation 
of the Great Depression (for example, noth- 
ing is said about 1929—30). Nor is it neces- 
sarily inconsistent with some existing ex- 
planations.? However, it does have the virtues 
that, first, it seems capable (in a way in 
which existing theories are not) of explaining 
the unusual length and depth of the depres- 
sion; and, second, it can do this without 
assuming markedly irrational behavior by 
private economic agents. Since the reconcili- 
ation of the obvious inefficiency of the de- 
pression with the postulate of rational private 
behavior remains a leading unsolved puzzle 
of macroeconomics, these two virtues alone 
provide motivation for serious consideration 
of this theory. 

There do not seem to be any exact antece- 
dents of the present papér in the formal 
economics literature. The work of Lester 
Chandler (1970, 1971) provides the best his- 
torical discussions of the general financial 
crisis extant; however, he does not develop 
very far the link to macroeconomic perfor- 
mance. Beginning with Irving Fisher (1933) 
and A. G. Hart (1938), there is a literature 
on the macroeconomic role of inside debt; 
an interesting recent example is the paper by 
Frederic Mishkin (1978), which stresses 
household balance sheets and liquidity. Ben- 
jamin Friedman (1981) has written on the 
relationship of credit and aggregate activity. 
Hyman Minsky (1977) and Charles Kindle- 
berger (1978) have in several places argued 
for the inherent instability of the financial 
system, but in doing so have had to depart 
from the assumption of rational economic 
behavior) None of the above authors has 
emphasized the effects of financial crisis on 


3See Karl Brunner (1981) for a useful overview of 
contemporary theories of the depression. Also, see 
Robert Lucas and Leonard Rapping's article in Lucas 
(1981). 

*This is especially true of the more recent work, 
which tends to ignore the nonmonetary effects of the 
financial crisis. Older writers often seemed to take the 
disruptive impact of the financial breakdown for granted. 

>I do not deny the possible importance of irrational- 
ity in economic life; however, it seems that the best 
research strategy is to push the rationality postulate as 
far as it will go. 
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the real costs of credit intermediation, the 
focus of the present work. 

The paper is organized as follows: Section 
I presents some background on the 1930-33 
financial crisis, its sources, and its correspon- 
dence with aggregate output movements. 
Section II begins the principal argument of 
the paper. I explain how the runs on banks 
and the extensive defaults could have re- 
duced the efficiency of the financial sector in 
performing its intermediary functions. Some ' 
evidence of these effects is introduced. 

Possible channels by which reduced finan- 
cial efficiency might have affected output are 
discussed in Section UI. Reduced-form 
estimation results, reported in Section IV, 
suggest that augmenting a purely monetary 
approach by my theory significantly im- 
proves the explanation of the financial sec- 
tor-output connection in the short run. Sec- 
tion V looks at the persistence of these 
effects. 

Some international aspects of the financial 
sector-aggregate output link are briefly dis- 
cussed in Section VI and Section VII con- 
cludes. 


I. The Financial Collapse: Some Background 


The problems faced-by the U.S. financial 
system between October 1930 and March 
1933 have been described in detail by earlier 
authors, but it will be useful to recapitulate 
some principal facts here. Given this back- 
ground, attention will be turned to the more 
central issues of the paper. 

The two major components of the finan- 
cial collapse were the loss of confidence in 
financial institutions, primarily commercial 
banks, and the widespread insolvency of 
debtors. I give short discussions of each of 
these components and of their joint relation 
to aggregate fluctuations. 


A. The Failure of Financial Institutions 
Most financial institutions (even semipub- 
lic ones, like the Joint Stock Land Banks) 


came under pressure in the 1930’s. Some, 


See especially Chandler (1970, 1971) and Friedman 
and Schwartz. 
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such as the insurance companies and the 
mutual savings banks, managed to maintain 
something close to normal operations. Others, 
like the building-and-loans (which, despite 
their ability to restrict withdrawals by de- 
positors, failed in significant numbers) were 
greatly hampered in their attempts to carry 
on their business." Of most importance, how- 
ever, were the problems of the commercial 
banks. The significance of the banking diffi- 
culties derived both from their magnitude 
and from the central role commercial banks 
played in the financial system.? 

The great severity of the banking crises in 
the Great Depression is well known to stu- 
dents of the period. The percentages of oper- 
ating banks which failed in each year from 
1930 to 1933 inclusive were 5.6, 10.5, 7.8, 
and 12.9; because of failures and mergers, 
the number of banks operating at the end of 
1933 was only just above half the number 
that existed in 1929? Banks that survived 
experienced heavy losses. 

The sources of the banking collapse are 
best understood in the historical context. The 
first point to be made is that bank failures 
were hardly a novelty at the time of the 
depression. The U.S. system, made up as it 
was primarily of small, independent banks, 
had always been particularly vulnerable. 
(Countries with only a few large banks, such 
as Britain, France, and Canada, never had 
banking difficulties on the American scale.) 
The dominance of small banks in the United 
States was due in large part to a regulatory 
environment which reflected popular fears of 
large banks and "trusts"; for example, there 
were numerous laws restricting branch bank- 
ing at both the state and national level. Com- 


"Hart describes the problems of the building-and- 
loans. An interesting sidelight here is the additional 
strain on housing lenders caused by the existence of the 
Postal Savings System; see Maureen O'Hara and David 
Easley (1979). 

SAccording to Raymond Goldsmith (1958), commer- 
cial banks held 39.6 percent of the assets of all financial 
intermediaries, broadly defined, in 1929. See his Table 
ll. 

?Cyril Upham and Edwin Lamke (1934, p. 247). 
Since smaller banks were more likely to fail, the fraction 
of deposits represented by suspended banks was some- 
what less. Eventual recovery by depositors was about 75 
percent; see Friedman and Schwartz, p. 438. 
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petition between the state and national bank- 
ing systems for member banks also tended to 
keep the legal barriers to entry in banking 
very low. In this sort of environment, a 
significant number of failures was to be ex- 
pected and probably was even desirable. 
Failures due to “natural causes” (such as the 
agricultural depression of the 1920's upon 
which many small, rural banks foundered) 
were common.!! 

Besides the simple lack of economic viabil- 
ity of some marginal banks, however, the 
U.S. system historically suffered also from a 
more malign source of bank failures; namely, 
financial panics. The fact that liabilities of 
banks were principally in the form of fixed- 
price, callable debt (ie. demand deposits), 
while many assets were highly illiquid, 
created the possibility of the perverse expec- 
tational equilibrium known as a *run" on 
the banks. In a run, fear that a bank may fail 
induces depositors to withdraw their money, 
which in turn forces liquidation of the bank's 
assets. The need to liquidate hastily, or to 
dump assets on the market when other banks 
are also liquidating, may generate losses that 
actually do cause the bank to fail. Thus the 
expectation of failure, by the mechanism of 
the run, tends to become self-confirming.'? 

An interesting question is why banks at 
this time relied on fixed-price demand de- 
posits, when alternative instruments might 
have reduced or prevented the problem of 
runs.'? An answer is provided by Friedman 
and Schwartz: They pointed out that, before 
the establishment of the Federal Reserve in 
1913, panics were usually contained by the 
practice of suspending convertibility of bank 
deposits into currency. This practice, typi- 
cally initiated by loose organizations of urban 


Benjamin Klebaner (1974) gives a good brief his- 
tory of U.S. commercial banking. 

'Upham and Lamke, p. 247, report that approxi- 
mately 2-3 percent of all banks in operation failed in 
each year of the 1920's. 

Douglas Diamond and Philip Dybvig (1981) for- 
malize this argument. For an alternative analysis of the 
phenomenon of runs, see Robert Flood and Peter Garber 
(1981). 

P For example, equity-like instruments, such as those 
used by modern money-market mutual funds, could 
have been used as the transactions medium. See Ken- 
neth Cone (1982). 
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banks called clearinghouses, moderated the 
dangers.of runs by making hasty liquidation 
unnecessary. In conjunction with the suspen- 
sion of convertibility practice, the use of 
demand deposits created relatively little in- 
stability. 

However, with the advent of the Federal 
Reserve (according to Friedman-Schwartz), 
this roughly stable institutional arrangement 
was upset. Although the Federal Reserve in- 
troduced no specific injunctions against the 
suspension of convertibility, the clearing- 


houses apparently felt that the existence of . 


the new institution relieved them of the re- 
sponsibility of fighting runs. Unfortunately, 
the Federal Reserve turned out to be unable 
or unwilling to assume this responsibility. 
No serious runs occurred between World 
War I and 1930; but the many pieces of bad 
financial news that came in from around the 
world in 1930-32 were like sparks around 
tinder. Runs were clearly an important part 


of the banking problems of this period. Some 


evidence emerges from contemporary ac- 
counts, including descriptions of specific 
events precipitating runs. Also notable is the 
fact that bank failures tended to occur in 
.. Short spasms, rather than in a steady stream 
(se& Table 1, col. 2, for monthly data on the 
deposits of failing banks). The problem was 
not arrested until government intervention 
became important in late 1932 and early 
1933. 

We see, then, that the banking crises of the 
early 1930's differed from earlier recorded 
experience both in magnitude and in the 
degree of danger posed by the phenomenon 
of runs. The result of this was that the behav- 
ior of almost the entire system was adversely 
affected, not just that of marginal banks. The 
bankers' fear of runs, as I shall argue below, 
had important macroeconomic effects. 


B. Defaults and Bankruptcies 
The second major aspect of the financial 


crisis (one that is currently neglected by 
historians) was the pervasiveness of debtor 


^ Diamond and Dybvig derive this point formally, 
with some caveats. 
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insolvency. Given that debt contracts were 
written in nominal terms, the protracted 
fall in prices and money incomes greatly 
increased debt burdens. According to Evans 
Clark (1933), the ratio of debt service to 
national income went from 9 percent in 1929 
to 19.8 percent in 1932-33. The resulting 
high rates of default caused problems for 
both borrowers and lenders. 

The "debt crisis" touched all sectors. For 
example, about half of all residential proper- 
ties were mortgaged at the beginning of the 
Great Depression; according to the Financial 
Survey of Urban Housing (reported in Hart), 
as of January 1, 1934, 


The proportion of mortgaged 
owner-occupied houses with some in- 
terest or principal in default was in 
none of the twenty-two cities [surveyed] 
less than 21 percent (the figure for 
Richmond, Virginia) in half it was | 
above 38 percent; in two (Indianapolis 
and Birmingham, Alabama) between 50 
percent and 60 percent; and in one 
(Cleveland), 62 percent. For rented 
properties, percentages in default ran 


slightly higher. [p. 164] 


Because of the long spell of low food 
prices, farmers were in more difficulty than 
homeowners. At the beginning of 1933, 
owners of 45 percent of all U.S. farms, hold- 
ing 52 percent of the value of farm mortgage 
debt, were delinquent in payments (Hart, p. 
138). State and local governments— many of 
whom tried to provide relief for the unem- 
ployed—also had problems paying their 
debts: As of March 1934, the governments of 
37 of the 310 cities with populations over 
30,000 and of three states had defaulted on 
obligations (Hart, p. 225). 

In the business sector, the incidence of 
financial distress was very uneven. Aggregate 
corporate profits before tax were negative in 
1931 and 1932, and after-tax retained earn- 
ings were negative in each year from 1930 to 
1933 (Chandler, 1971, p. 102). But the subset 


P Finding an explanation for the lack of indexed debt 
during the deflationary 1930's—as in the inflationary 
1970's—is a point on which I stumble. 
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of corporations holding more than $50 mil- 
lion in assets maintained positive profits 
throughout this period, leaving the brunt to 
be borne by smaller companies. Solomon 
Fabricant (1935) reported that, in 1932 alone, 
the losses of corporations with assets of 
$50,000 or less equalled 33 percent of total 
capitalization; for corporations with assets in 
the $50,000—$100,000 range, the comparable 
figure was 14 percent. This led to high rates 
of failure among small firms.: 

Although the deflation of the 1930's was 
unusually protracted, there had been a simi- 
lar episode as recently as 1921—22 which had 
not led to mass insolvency. The seriousness 
of the problem in the Great Depression was 
due not only to the extent of the deflation, 
but also to the large and broad-based expan- 
sion of inside debt in the 1920's. Charles 
Persons surveyed the credit expansion of the 
predepression decade in a 1930 article: He 
reported that outstanding corporate bonds 
and notes increased from $26.1 billion in 
1920 to $47.1 billion in 1928, and that non- 
federal public securities grew from $11.8 bil- 
lion to $33.6 billion over the same period. 
(This may be compared with a 1929 national 
income of $86.8 billion.) Perhaps more sig- 
nificantly, during the 1920's, small bor- 
rowers, such as households and unincor- 
porated businesses, greatly increased their 
debts. For example, the value of urban real 
estate mortgages outstanding increased from 
$11 billion in 1920 to $27 billion in 1929, 
while the growth of consumer installment 
debt reflected the introduction of major con- 
sumer durables to the mass market. 

Like the banking crises, then, the debt 
crisis of the 1930's was not qualitatively a 
new phenomenon; but it represented a break 
with the past in terms of its severity and 
pervasiveness. 


C. Correlation of the Financial Crisis 
with Macroeconomic Activity 


The close connection of the stages of the 
financial crisis (especially the bank failures) 
with changes in real output has been noted 
by Friedman and Schwartz and by others. 
An informal review of this connection is 
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facilitated by the monthly data in Table 1. 
Column 1 is an index of real industrial pro- 
duction. Columns 2 and 3 are the (nominal) 
liabilities of failing banks and nonbank com- 
mercial businesses, respectively. 

The industrial production series reveals 
that a recession began in the United States 
during 1929. By late 1930, the downturn, 
although serious, was still comparable in 
magnitude to the recession of 1920—22; as 
the decline slowed, it would have been rea- 
sonable to expect a brisk recovery, just as in 
1922. 

With the first banking crisis, however, there 
came what Friedman and Schwartz called a 
“change in the character of the contraction” 
(p. 311). The economy first flattened out, 
then went into a new tailspin just as the 
banks began to fail again in June 1931. 

A lengthy slide of both the general econ- 


'omy and the financial system followed. The 


banking situation calmed in early 1932, and 
nonbank failures peaked shortly thereaftés. 
A new recovery attempt began in August, 
but failed within a few months.'é In March 
1933, the bottom was reached for both the 
financial system and the economy as a whole. 
Measures taken after the banking holiday 
ended the bank runs and greatly reduced the 
burden of debt. Simultaneously aggregate 
output began a recovery that was sustained 
until 1937. 

The leading explanation of the correlation 
between the conditions of the financiál : sec- ` 
tor and of the general economy is tlat of - 
Friedman and Schwartz, who stressed' the 
effects of the banking crises on the supply of 
money. I agree that money was an important 
factor in 1930—33, but, because of reserva- 
tions cited in the introduction, I doubt that it 
completely explains the financial sector- 
aggregate output connection. This motivates 


'6Judging by Table 1, the failure of this recovery 
seems to be unrelated & financial sector difficulties. 
However, accounts from the time suggest that the bank- 
ing crisis of late 1932 and early 1933 (which ended in 
the banking holiday) was in fact quite severe; see Susan 
Kennedy (1973). The relatively low reported rate of 
bank failures at this time may be an artifact of state 
moratoria, restrictions on withdrawals, and other in- 
terventions. 
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TABLE | —SELECTED MACROECONOMIC DATA, JULY 1929—-Marcu 1933 


Month IP Banks Fails AL/IP L/DEP DIF 
1929J 114 60.8 324 — . 463 i 851 2.31 
A 114 6.7 33.7 007 ` .855 2.33 
008 112 9.7 34.1 .079 - .860 2.33 
o 110 12.5 31.3- 177 865 2.50 

N 105 223 52.0 121 854 2.68 

D 100 15.5 62.5 —.214 851 2.59 
19307 100 26.5 61.2 — .228 837 2.49 
F 100 32.4 51.3 =.102 834 2.48 

M: 98 232 56.8 076 835 244 

A 98 31.9 49.1 .058 826 2.33 

M 96 19.4 55.5 —.028 820 241 

J 93 57.9 63.1 .085 818 2.53 

J 89 29.8 29.8 —.055 802 2.52 

Á 86 22.8 49.2 —.027 800 247 

S: 85 21.6 46.7 .008 799 2.41 

OQ: 83 19.7 56.3 —.010 791 2.73 
ON 81 179.9 55.3 — .067 777 3.06 
D 79 372.1 83.7 , 7.144 775 3.49 
19317 78 75.7 94.6 —.187 763 3.21 
F 79 342 59.6 . —.144 741 3.08 

M 80 34.3 60.4 — 043 738 3.17 

A 80 41.7 50.9 —..104 722 3.45 

M 80 43.2 53.4 —.133 706 3.99 

J 77 190.5 51.7 —.120 707 4.23 

J 76 40.7 61.0 — 013 704 3.93 

A 73 180.0 53.0 —.103 706 4.29 

8 70 233.5 413 —.050 713 4.82 

O 68 471.4 70.7 —.310 716 5.41 

N 67 67.9 60.7 —.101 726 5.30 

D 66 271.1 73.2 —.120 732 6.49 
1932J 64 218.9 96.9 —.117 745 4.87 
i F 63 51.7 84.9 —.138 757 4.76 
M 62 10.9 93.8 —.183 744 4.91 
A 58 31.6 101.1 —.225 718 6.78 
M 56 344 83.8 —.154 696 7.87 

J 54 132.7 76.9 —.170 689 7.93 

J 53 48.7 87.2 —.219 677 7.21 

A 34 29.5 710 =.130 662 4.77 

S 58 13.5 56.1 —.091 641 4.19 

o 60 20.1 52.9 —.095 623 444 

N: E 59 43.3 53.6 —.133 602 4.79 

D 58 70.9 64.2 — .039 596 5.07 
19337 58 133.1 79.1 —.139 516 4.79 
F 57 62.2 65.6 —.059 583 4.09 

M 54 3276.3 48.5 —.767° 607° 4.03 


Notes: IP = seasonally adjusted index of industrial production, 1935-39 = 100; Federal Reserve Bulletin. 
Banks = deposits of failing banks, $millions; Federal Reserve Bulletin. 
. Fails- liabilities of failing commercial businesses, $millions; Survey of Current Business. . 
AL/PI= ratio of net extensions of commercial bank loans to (monthly) personal income; from Banking and 
Monetary Statistics and National Income. 
L/D ratio of loans outstanding to the sum of demand and time deposits, weekly reporting banks; Banking and 
Monetary Statistics. 
DIF = difference (in percentage points) between yields on Baa corporate bonds and long-term U.S. “government 
bonds; Banking and Monetary Statistics. 
*A national bank holiday was declared in March 1933. 
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my study of a nonmonetary channel through 
which an additional impact of the financial 
crisis may have been felt. 


II. The Effect of the Crisis on the Cost 
of Credit Intermediation 


This paper posits that, in addition to its 
effects via the money supply, the financial 
crisis of 1930—33 affected the macroeconomy 
by reducing the quality of certain financial 
services, primarily credit intermediation. The 
basic argument is to be made in two steps. 
First, it must be shown that the disruption of 
the financial sector by the banking and debt 
crises raised the real cost of intermediation 
between lenders and certain classes of bor- 
rowers. Second, the link between higher in- 
termediation costs and the decline in aggre- 
gate output must be established. I present 
here the first step of the argument, leaving 
the second to be developed in Sections III- V. 

In order to discuss the quality of perfor- 
mance of the financial sector, I must first 
describe the real services that the sector is 
supposed to provide. The specification of 
these services depends on the model of the 
economy one has in mind. We shall clearly 
not be interested in economies of the sort 
described by Eugene Fama (1980), in which 
financial markets are complete and informa- 
tion/transactions costs can be neglected. In 
such a world, banks and other intermediaries 
are merely passive holders of portfolios. 


Banks’ choice of portfolios or the scale of the | 


banking system can never make any dif- 
ference in this case, since depositors can 
offset any action taken by banks through 
private portfolio decisions.! 

As an alternative to the Fama complete- 
markets world, consider the following stylized 
description of the economy. Let us suppose 
that savers have many ways of transferring 
resources from present to future, such as 
holding real assets or buying the liabilities of 


Tt should be noted that the phenomena emphasized 
by Friedman and Schwartz—the effects of the contrac- 
tion of the banking system on the quantity of the 
transactions medium and on real output—are also im- 
possible in a complete-markets world. 
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governments or corporations on well-orga- 
nized exchanges. One of the options savers 
have is to lend resources to a banking sys- 
tem. The banks also have a menu of different 
assets to choose from. Assume, however, that 
banks specialize in making loans to small, 
idiosyncratic borrowers whose liabilities are 
too few in number to be publicly traded. 
(Here is where the complete-markets as- 
sumption is dropped.) 

The small borrowers to whom the banks 
lend will be taken, for simplicity, to be of 
two extreme types, “good” and “bad.” Good 
borrowers desire loans in order to undertake 
individual-specific investment projects. These 
projects generate a random return from a 
distribution whose mean will be assumed 
always to exceed the social opportunity cost 
of investment. If this risk is nonsystematic, 
lending to good borrowers is socially desir- 
able. Bad borrowers try to look like good 
borrowers, but in fact they have no “project.” 
Bad borrowers are assumed to squander any 
loan received in profligate consumption, then 
to default. Loans to bad borrowers are so- 
cially undesirable. 

In this model, the real service performed 
by the banking system is the differentiation 
between good and bad borrowers. For a 
competitive banking system, I define the cost 
of credit intermediation (CCI) as being the 
cost of channeling funds from the ultimate 
savers/lenders into the hands of good bor- 
rowers. The CCI includes screening, moni- 
toring, and accounting costs, as well as the 
expected losses inflicted by bad borrowers. 
Banks presumably choose operating proce- 
dures that minimize the CCI. This is done by 
developing expertise at evaluating potential 
borrowers; establishing long-term relation- 
ships with customers; and offering loan con- 
ditions that encourage potential borrowers to 
self-select in a favorable way.!? 

Given this simple paradigm, J can describe 
the effects of the two main components of 


I8To concentrate on credit intermediation, I neglect 
the transactions and other services performed by banks. 

'%See Dwight Jaffee and Thomas Russell (1976) and 
Joseph Stiglitz and Andrew Weiss (1981) on the way 
banks induce favorable borrower self-selection. 
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the financial crisis on the efficiency of the 
credit allocation process (i.e., on the CCI). 


A. Effect of the Banking Crises on the CCI 


The banking problems of 1930-33 dis- 
rupted the credit allocation process by creat- 
ing large, unplanned changes in the channels 
of credit flow. Fear of runs led to large 
withdrawals of deposits, precautionary in- 
creases in reserve-deposit ratios, and an in- 
creased desire by banks for very liquid or 
rediscountable assets. These factors, plus the 
actual failures, forced a contraction of the 
banking system's role in the intermediation 
of credit? Some of the slack was taken up 
by the growing importance of alternative 
channels of credit (see below). However, the 
rapid switch away from the banks (given the 
banks’ accumulated expertise, information, 
and customer relationships) no doubt im- 
paired financial efficiency and raised the 
CCI.” 

It would be useful to have a direct mea- 
sure of the CCI; unfortunately, no really 
satisfactory empirical representation of this 
concept is available. Reported commercial 
loan rates reflect loans that are actually made, 
not the shadow cost of bank funds to a 
representative potential borrower; since 
banks in a period of retrenchment make only 
the safest and highest-quality loans, mea- 
sured loan rates may well move inversely to 
the CCI. I obtained a number of interesting 
results using the yield differential between 
Baa corporate bonds and U.S. government 
bonds as a proxy for the CCI; however, the 
use of the Baa rate is not consistent with my 
story that bank borrowers are those whose 
liabilities are too few to be publicly traded. 

While we cannot observe directly the ef- 
fects of the banking troubles on the CCI, we 
can see their impact on the extension of bank 
credit: Table 1 gives some illustrative data. 
Column 4 gives, as a measure of the flow of 


? For an interesting contemporary account of this 
process, see the article by Eugene H. Burris in the 
American Banker, October 15, 1931. 

?!Since intermediation resources could have been 
shifted out of the beleaguered banking sector (given 
enough time), mine is basically a costs-of-adjustment 
argument. 
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bank credit, the monthly change in bank 
loans outstanding, normalized by monthly 
personal income.” One might have expected 
the loan-change-to-income ratio to be driven 
primarily by loan demand and thus by the 
rate of production. Comparison with the first 
two columns of Table 2 shows, however, that 
the banking crises were as important a de- 
terminant of this variable as output. For 
example, except for a brief period of liquida- 
tion of speculation loans after the stock 
market crash, credit outstanding declined 
very little before October 1930— this despite 
a 25 percent fall in industrial production that 
had occurred by that time. With the first 
banking crisis of November 1930, however, a 
long period of credit contraction was ini- 
tiated. The shrinkage of credit shared the 
rhythm of the banking crises; for example, in 
October 1931, the worst month for bank 
failure before the bank holiday, net credit 
reduction was a record 31 percent of per- 
sonal income.” 

The fall in bank loans after November 
1930 was not simply a balance sheet reflec- 
tion of the decline in deposits. Column 5 in 
Table 1 gives the monthly ratio of outstand- 
ing bank loans to the sum of demand and 
time deposits. This ratio declined sharply as 
banks switched out of loans and into more 
liquid investments. 

The perception that the banking crises and 
the associated scrambles for liquidity exerted 
a deflationary force on bank credit was 
shared by writers of the time. A 1932 Na- 
tional Industrial Conference Board survey of 


22In the construction of the bank loans series, data 
from weekly reporting member banks (which held about 
40 percent of all bank loans) were used to interpolate 
between less frequent aggregate observations. Note that, 
for our purposes, looking at the change in loans is 
preferable to considering the stock of real loans out- 
standing: In a regime of nominally contracted debt and 
sharp unanticipated deflation, stability of the stock of 
real debt does not signal a comfortable situation for 
borrowers. 

23 The effect of bank failures on credit outstanding is 
somewhat exaggerated by the fact that the credit con- 
traction measure includes the loans of suspending banks 
that were not transferred to other banks; however, I 
estimate that this accounting convention is responsible 
for less than one-eighth of the total (measured) credit 
contraction between October 1930 and February 1933. 
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credit conditions reported that “During 1930, 
the shrinkage of commercial loans no more 
than reflected business recession. During 
1931 and the first half of 1932 (the period 
studied), it unquestionably represented pres- 
sure by banks on customers for repayment of 
loans and refusal by banks to grant new 
loans" (p. 28). Other contemporary sources 
tended to agree (see, for example, Chandler, 
1971, pp. 233-39, for references). 

Two other observations about the contrac- 
tion of bank credit can be made. First, the 
class of borrowers most affected by credit 
reductions were households, farmers, unin- 
corporated businesses, and small corpora- 
tions; this group had the highest direct or 
indirect reliance on bank credit. Second, the 
contraction of bank credit was twice as large 
as that of other major countries, even those 
which experienced comparable output de- 
clines (Klebaner, p. 145). 

The fall in bank loans outstanding was 
partly offset by the relative expansion of 
alternative forms of credit. In the area of 
consumer finance, retail merchants, service 
creditors, and nonbank lending agencies im- 
proved their position relative to banks and 
primarily bank-supported installment fi- 
nance companies (Rolf Nugent, 1939, pp. 
114-16). Small firms during this périod sig- 
nificantly reduced their traditional reliance 
on banks in favor of trade credit (Charles 
Merwin, 1942, pp. 5 and 75). But, as argued 
above, in a world with transactions costs and 
the need to discriminate among borrowers, 
these shifts in the loci of credit intermedia- 
tion must have at least temporarily reduced 
the efficiency of the credit allocation process, 
thereby raising the effective cost of credit to 
potential borrowers. 


B. The Effect of Bankruptcies on the CCI 


I turn now to a brief discussion of the 
impact of the increase in defaults and bank- 
ruptcies during this period on the cost of 
credit intermediation. 

The very existence of bankruptcy proceed- 
ings, rather than being an obvious or natural 
phenomenon, raises deep questions of eco- 
nomic theory Why, for example, do the 
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creditor and defaulted debtor make the. pay- 
ments to third parties (lawyers, administra- 
tors) that these proceedings entail, instead of 
somehow agreeing to divide those payments 
between themselves? In a complete-markets 
world, bankruptcy would never be observed; 
this is because complete state-contingent loan 
agreements would uniquely define each 
partys obligations in all possible circum- 
stances, rendering third-party arbitration un- ` 
necessary. That we do observe bankruptcies, 
in our incomplete-markets world, suggests 
that creditors and debtors have found the 
combination of simple loan arrangements 
and ex post adjudication by bankruptcy 
(when necessary) to be cheaper than attempt- 
ing to write and enforce complete state-con- 
tingent contracts. 

To be more concrete, let us use the *good 
borrower-bad borrower" example. In writing 
a loan contract with a potential borrower, 
the bank has two polar options. First, it 
might try to approximate the complete 
state-contingent contract by making the bor- 
rower's actions part of the agreement and by 
allowing repayment to depend on the out- 
come of the borrower's project. This con- 
tract, if properly written and enforced, would 
completely eliminate the possibility of either 
side not being able to meet its obligations; 
its obvious drawback is the cost of monitor- 
ing which it involves. The bank's other op- 
tion is to write a very simple agreement 
("payment of such-amount to be made on 
such-date"), then to make the loan only if it 
believes that the borrower is likely to repay. 
The second approach usually dominates the: 
first, of course, especially for small bor- 
rowers, 

A device which makes the cost advantage 
of the simpler approach even greater is the 
use of collateral. If the borrower has wealth 
that can be attached by the bank in the event 
of nonpayment, the bank’s risk is low. More- 
over, the threat of loss of collateral provides 
the right incentives for borrowers to use loans 
only for profitable projects. Thus, the combi- 
nation of collateral and simple loan contracts 
helps to create a low effective CCI. ` 

A useful way to think of the 1930-33 debt 
crisis is as the progressive erosion of bor- 
rowers’ collateral relative to debt burdens. 
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As the representative borrower became more 
and more insolvent, banks (and other lenders 
as well) faced a dilemma. Simple, noncontin- 
gent loans faced increasingly higher risks of 
default; yet a return to the more complex 
type of contract involved many other costs. 
Either way, debtor insolvency necessarily 
raised the CCI for banks. 

One way for banks to adjust to a higher 
CCI is to increase the rate that they charge 
borrowers. This may be counterproductive, 
however, if higher interest charges increase 
the risk of default. The more usual response 
is for banks just not to make loans to some 
people that they might have lent to in better 
times. This was certainly the pattern in the 
1930's. For example, it was reported that the 
extraordinary rate of default on residential 
mortgages forced banks and life insurance 
companies to “practically stop making mort- 
gage loans, except for renewals” (Hart, p. 
163). This situation precluded many bor- 
rowers, even with good projects, from getting 
funds, while lenders rushed to compete for 
existing high-grade assets. As one writer of 
the time, D. M. Frederiksen, put it: 


We see money accumulating at the 
centers, with difficulty of finding safe 
investment for it; interest rates drop- 
ping down lower than ever before; 
money available in great plenty for 
things that are obviously safe, but not 
available at all for things that are in 
fact safe, and which under normal con- 
ditions would be entirely safe (and there 
are a great many such), but which are 
now viewed with suspicion by lenders. 

[1931, p. 139] 


As this quote suggests, the idea that the low 
yields on Treasury or blue-chip corporation 
liabilities during this time signalled a general 
state of “easy money" is mistaken; money 
was easy for a few safe borrowers, but dif- 
ficult for everyone else. 

An indicator of the strength of lender 
preferences for safe, liquid assets (and hence 
of the difficulty of risky borrowers in ob- 
taining funds) is the yield differential be- 
tween Baa corporate bonds and Treasury 
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bonds (Table 1, column 6). Because this vari- 
able contains no adjustment for the reclassi- 
fication of firms into higher risk categories, it 
tends to understate the true difference in 
yields between representative risky and safe 
assets. Nevertheless, this indicator showed 
some impressive shifts, going from 2.5 per- 
cent during 192930 to nearly 8 percent in 
mid-1932. (The differential never exceeded 
3.5 percent in the sharp 1920—22 recession.) 
The yield differential reflected changing per- 
ceptions of default risk, of course; but note 
also the close relationship of the differential 
and the banking crises (a fact first pointed 
out by Friedman and Schwartz). Bank crises 
depressed the prices of lower-quality invest- 
ments as the fear of runs drove banks into 
assets that could be used as reserves or for 
rediscounting. This effect of bank portfolio 
choices on an asset price could not happen in 
a Fama-type, complete-markets world. 

Finally, it is instructive to consider the 
experience of a country that had a debt crisis 
without a banking crisis. Canada entered the 
Great Depression with a large external debt, 
much of it payable in foreign currencies. The 
combination ‘of deflation and the devalua- 
tion of the Canadian dollar led to many 
defaults. Internally, debt problems in agri- 
culture and in mortgage markets were as 
severe as in the United States, while major 
industries (notably pulp and paper) expe- 
rienced many bankruptcies (A. E. Safarian, 
1959, ch. 7). Although Canadian bankers did 
not face serious danger of runs, they shifted 
away from loans to safer assets. This shift 
toward safety and liquidity, though less pro- 
nounced than in the U.S. case, drew criticism 
from all facets of Canadian society. The 
American Banker of December 6, 1932, re- 
ported the following complaint from a non- 
populist Canadian politician: 


The chief criticism of our present 
system appears to be that in good times 
credit is expanded to great extremes... 
but, when the pinch of hard times is 
first being felt, credit is suddenly and 
drastically restricted by the banks... At 
the present time, loans are only being 
made when the banks have a very wide 
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margin of security and every effort is 
being made to collect outstanding loans. 
All our banks are reaching out in an 
endeavor to liquefy their assets.... 


Ip. 1] 


Canadian lenders other than banks also tried 
to retrench: According to the Financial Post, 
May 14, 1932, “Insurance, trust, and loan 
companies were increasingly unwilling to 
lend funds with real estate and rental values 
falling, a growing number of defaults of 
interest and principal, the increasing burden 
of property taxes, and legislation which 
adversely affected creditors" (quoted in 
Safarian, p. 130). 

More careful study of the Canadian expe- 
rience in the Great Depression would be 
useful. However, on first appraisal, that ex- 
perience does not seem to be inconsistent 
with the point that even good borrowers may 
find it more difficult or costly to obtain 
credit when there is extensive insolvency. 
The debt crisis should be added to the bank- 
ing crises as a potential source of disruption 
of the credit system. 


III. Credit Markets and Macroeconomic 
Performance 


If it is taken as given that the financial 
crises during the depression did interfere with 
the normal flows of credit, it still must be 
Shown how this might have had an effect on 
the course of the aggregate economy. 

There are many ways in which problems in 
credit markets might potentially affect the 
macroeconomy. Several of these could be 
grouped under the heading of "effects on 
aggregate supply." For example, if credit 
flows are dammed up, potential borrowers in 
the economy may not be able to secure funds 
to undertake worthwhile activities or invest- 
ments; at the same time, savers may have to 
devote their funds to inferior uses. Other 
possible problems resulting from poorly 
functioning credit markets include a reduced 
feasibility of effective risk sharing and greater 
difficulties in funding large, indivisible proj- 
ects. Each of these might limit the economy's 
productive capacity. 
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These arguments are reminiscent of some 
ideas advanced by John Gurley and E. S. 
Shaw (1955), Ronald McKinnon (1973), and 
others in an economic development context. 
The claim of this literature is that immature 
or repressed financial sectors cause the 
“fragmentation” of less developed econo- 
mies, reducing the effective set of production 
possibilities available to the society. 

Did the financial crisis of the 1930's turn 
the United States into a “temporarily under- 
developed economy" (to use Bob Hall's felic- 
itous phrase)? Although this possibility is 
intriguing, the answer to the question is 
probably no. While many businesses did 
suffer drains of working capital and invest- 
ment funds, most larger corporations entered 
the decade with sufficient cash and liquid 
reserves to finance operations and any de- 
sired expansion (see, for example, Friedrich 
Lutz, 1945). Unless it is believed that the 
outputs of large and of small businesses are 
not potentially substitutes, the aggregate 
supply effect must be regarded as not of 
great quantitative importance. 

The reluctance of even cash-rich corpora- 
tions to expand production during the de- 
pression suggests that consideration of the 
aggregate demand channel for credit market 
effects on output may. be more fruitful. The 
aggregate demand argument is in fact easy to 
make: A higher cost of credit intermediation 
for some borrowers (for example, households 
and smaller firms) implies that, for a given 
safe interest rate, these borrowers must face 
a higher effective cost of credit. (Indeed, they 
may not be able to borrow at all) If this 
higher rate applies to household and small 
firm borrowing but not to their saving (they 
may only earn the safe rate on their savings), 
then the effect of higher borrowing costs is 
unambiguously to reduce their demands for 
current-period goods and services. This pure 
substitution effect (of future for present con- 
sumption) is easily derived from the classical 
two-period model of savings.” 


^ The classical model may be augmented, if the 
reader desires, by considerations of liquidity constraints, 
bankruptcy costs, or risk aversion; see my 1981 paper. 
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' Assume that the behavior of borrowers 
unaffected by credit market problems is un- 
changed. Then the paragraph above implies 
that, for a given safe rate, an increase in the 
cost of credit intermediation reduces the total 
quantity of goods and services currently de- 
manded. That is, the aggregate demand curve, 
drawn as a function of the safe rate, is 
shifted downward by a financial crisis. In 
any macroeconomic model one cares to use, 
this implies lower output and lower safe in- 
terest rates. Both of these outcomes char- 
acterized 1930—33, of course. 

Some evidence on the magnitude of the 
effect of the financial market problems on 
aggregate output is now presented. 


IV. Short-Run Macroeconomic Impacts 
of the Financial Crisis 


This section studies the short-run or “im- 
pact" effects of the financial crisis. For this 
purpose, I use only monthly data on the 
relevant variables. In addition, rather than 
consider the 1929-33 episode outside of its 
context, I have widened the sample to in- 
clude the entire interwar period (January 
1919-December 1941). 

Section I.C above has already given some 
evidence of the relationship between the 
troubles of the financial sector and those of 
the economy as a whole. However, support 
for the thesis of this paper requires that 
nonmonetary effects of the financial crisis on 
output be distinguished from the monetary 
effects studied by Friedman and Schwartz. 
My approach will be to fit output equations 
using monetary variables, then to show that 
adding proxies for the financial crisis sub- 
stantially improves the performance of these 
equations. Comparison of financial to totally 
nonfinancial sources of the Great Depres- 
sion, such as those suggested by Temin, is 
left to future research. 

To isolate the purely monetary influences 
on the economy, one needs a structural ex- 
planation of the money-income relationship. 
-Lucas (1972) has presented a formal model 
in which monetary shocks affect production 
decisions by causing confusion about the 
price level. Influenced by this work, most 
recent empirical studies of the role of money 
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have related national income to measures 
of “unanticipated” changes in money or 
prices.” l 

The most familiar way of constructing a 
proxy for unanticipated components of a 
variable is the two-step method of Robert 
Barro (1978), in which the residuals from a 
first-stage prediction equation for (say) mon- 
ey are employed as the independent variables 
in a second-stage regression. I experimented 
with both the Barro approach and some 
alternatives.” Since my conclusions were 
unaffected by choice of technique, I report 
here only the Barro-type results. 

In the spirit of the Lucas-Barro analysis, I 
considered the effects of both “money 
shocks” and “price shocks” on output. Mon- 
ey shocks (M — M*) were defined as the 
residuals from a regression of the rate of 
growth of M1 on four lags of the growth 
rates of industrial production, wholesale 
prices, and M1 itself; price shocks (P — P*) 
were defined symmetrically.” I used ordinary 
least squares to estimate the effects of money 
and price shocks on the rate of growth of 
industrial production, relative to trend. 

The basic regression results for the inter- 
war sample period are given as equations (1) 
and (2) in Table 2. These two equations are 
of interest, independently of the other results 
of this paper. The estimated “Lucas supply 
curve," equation (2), shows an effect of price 
shocks on output that is statistically and 
economically significant. As such, it comple- 
ments the results of Thomas Sargent (1976), 
who found a similar relationship for the 
postwar. The relationship of output to mon- 
ey surprises, equation (1), is a bit weaker. 
The fact that we discover a smaller role for 
money in the monthly data than does Paul 
Evans (1981) is primarily the result of our 
inclusion of lagged values of production on 
the right-hand side. This inclusion seems 
justified both on statistical grounds and for 


254 notable exception is Mishkin (1982). 

26 Principal alternatives tried were 1) the use of antic- 
ipated as well as unanticipated quantities as explanatory 
variables; and 2) reestimation of some equations by the 
more efficient but computationally more complex 
method of Andrew Abel and Mishkin (1981). 

27The first-stage regressions were unsurprising and, 
for the sake of space, are not reported. 
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. TABLE 2—ESTIMATED OUTPUT EQUATIONS 
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the-economic reason that costs of adjusting 
production can be presumed to create a serial 
dependence in output. Like Evans, I was not 
able to find effects of money (or prices) 
lagged more than three months. , 

While these regression results exhibit sta- 
tistical significance and the expected signs 
for coefficients, they are disappointing in the 
following sense: When equations (1) and (2) 


are used to perform dynamic simulations of 
the path of output between mid-1930.and the 
bank holiday of March 1933, they capture no 
more than half of the total decline of output 
during the period. This is the basis of the 
comment in the introduction that the de- 
clines in money seem "quantitatively insuffi- 
cient" to explain what happened to output in 
1930— 33. 
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Given the basic regressions (1) and (2), the 
next step was to examine the effects of in- 
cluding proxies for the nonmonetary finan- 
cial impact as explanators of output. Based 
on the earlier analysis of this paper, the most 
obvious such proxies are the deposits of fail- 
ing banks and the liabilities of failing busi- 
nesses. 

A preliminary problem with the bank de- 
posits series that needs to be discussed is the 
value for March 1933, the month of the bank 
holiday. As can be seen in Table 1, the 
deposits of banks suspended in March 1933 
is seven times that of the next worse month. 
The question arises if any adjustment should 
be made to that figure before running the 
regressions. 

We believe that it would be a mistake to 
eliminate totally the bank holiday episode 
from the sample. According to contemporary 
accounts, rather than being an orderly and 
planned-in-advance policy, the imposition of 
the holiday was a forced response to the 
most panicky and chaotic financial condi- 
tions of the period. The deposits of sus- 
pended banks figure for March, as large as it 
is, reflects not all closed banks but only 
those not licensed to reopen by June 30, 
1933. Of these banks, most were liquidated 
or placed in receivership; less than 25 per- 
cent had been licensed to reopen as of De- 
cember 31, 1936.78 Qualitatively, then, the 
March 1933 episode resembled the earlier 
crises; it would be throwing away informa- 
tion not to include in some way the effects of 
this crisis and of its resolution on the econ- 
omy. 

On the other hand, the mass closing of 
banks by government action probably created 
less confusion and fear of future crises than 
would have a similar number of suspensions 
occurring without government intervention. 
As a conservative compromise, I assumed 
that the *supervised" bank closings of March 
1933 had the same effect as an “unsuper- 
vised" bank crisis involving 15 percent as 
much in frozen deposits. This scales down 
the March 1933 episode to about the size of 
the events of October 1931. The sensitivity of 
the results to this assumption is as follows: 


75 Federal Reserve Bulletin, 1937, pp. 866-67. 
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increasing the amount of importance attrib- 
uted to the March 1933 crisis raises the 
magnitude and statistical significance of the 
measured effects of the financial crises on 
output. (It is in this sense that the 15 percent 
figure is conservative.) However, the bank 
failure coefficients in the regressions retained 
high significance even when less weight was 
given to March 1933. 

I turn now to the results of adding (real) 
deposits of failing banks and liabilities of 
failing businesses to the output equations 
(see equations (3) and (4) in Table 2). The 
sample period begins in 1921 because of the 
unavailability of data on monthly bank 
failures before then. In both regressions, cur- 
rent and lagged first differences of the added 
variables enter the explanation of the growth 
rate of industrial production (relative to 
trend) with the expected sign and, taken 
jointly, with a high level of statistical signifi- 
cance. The magnitudes and significance of 
the coefficients of money and price shocks 
are not much changed. This provides at least 
a tentative confirmation that nonmonetary 
effects of the financial crisis augmented 
monetary effects in the short-run determina- 
tion of output. 

Some alternative proxies for the nonmone- 
tary component of the financial crisis were 
also tried. For the sake of space, only a 
summary of these results is given. 1) To 
examine the direct effects of the contraction 
of bank credit on the economy, I began by 
regressing the rate of growth of bank loans 
on current and lagged values of suspended 
bank deposits and of failing business liabili- 
ties. (This regression indicated a powerful 
negative effect of financial crisis on bank 
loans.) The fitted series from this regression 
was used as a proxy for the portion of the 
credit contraction induced by the financial 
crisis. In the presence of money or price 
shocks, the effect of a decline in this variable 
on output was found to be negative for two 
months, positive for the next two months, 
then strongly negative for the fifth and sixth 
months after the decline. For the period from 
1921 until the bank holiday, and with mone- 
tary variables included, the total effect ‘of 
credit contraction on output (as measured by 
the sum of lag coefficients in a polynomial 
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distributed lag) was large (comparable to the 
monetary effect), negative, and significant at 
the 95 percent level. For the entire interwar 
sample, however, the statistical significance 
of this variable was much reduced. This last 
result is due to the fact that the recovery of 
1933-41 was financed by nonbank sources, 
with bank loans remaining at a low level. 

2) Another proxy for the financial crisis 
that was tried was the differential between 
Baa corporate bond yields and the yields on 
U.S. bonds. As described in Section I.C, this 
variable responded strongly to both bank 
crises and the problems of debtors, and as 
such was a sensitive indicator of financial 
market conditions. The yield differential 
variable turned out to enter very strongly as 
an explanator of current and future output 
growth, overall and in every subsample. As 
much of this predictive power was no doubt 
due to pure financial market anticipations of 
future output declines, I also put the dif- 
ferential variable through a first-stage regres- 
sion on the liabilities of bank and business 
failures. Assuming that these latter variables 
themselves were not determined by anticipa- 
tions of future output declines (see below), 
the use of the fitted series from this regres- 
sion “purged” the differential variable of its 
pure anticipatory component. The fitted 
series entered the output equations less 
strongly than the raw series, but it retained 
the right sign and statistical significance at 
the 95 percent confidence level. 

In almost every case, then, the addition of 
proxies for the general financial crisis im- 
proved the purely monetary explanation of 
short-run (monthly) output movements. This 
finding was robust to the obvious experi- 
ments. For example, with the above-noted 
exception of the credit variable in 1933-41, 
coefficients remained roughly stable over 
subsamples. Another experiment was to in- 
clude free dummy variables for each quarter 
from 1931:I to 1932:IV in the above re- 
gressions. The purpose of this was to test the 
suggestion that our results are only a reflec- 
tion of the fact that both the output and 
financial crisis variables “moved a lot" dur- 
ing 1930-33. The rather surprising discovery 
was that the inclusion of the dummies 
increased the magnitude and statistical sig- 


BERNANKE: GREAT DEPRESSION 271 


nificance of the coefficients on bank and 
business failures. Finally, the economic sig- 
nificance of the results was tested by using 
the various estimated equations to run dy- 
namic simulations of monthly levels of in- 
dustrial production (relative to trend) for 
mid-1930 to March 1933. Relative to the 
pure money-shock and price-shock simula- 
tions described above, the equations includ- 
ing financial crisis proxies did well. Equa- 
tions (3) and (4) reduced the mean squared 
simulation error over (1) and (2) by about 50 
percent. The other (nonreported) equations 
did better; for example, those using the yield 
differential variable reduced the MSE of 
simulation from 90 to 95 percent. 

These results are promising. However, a 
caveat must be added: To conclude that the 
Observed correlations support the theory out- 
lined in this paper requires an additional 
assumption, that failures of banks and com- 
mercial firms are not caused by anticipations 
of (future) changes in output. To the extent 
that, say, bank runs are caused by the receipt 
of bad news about next month's industrial 
production, the fact that bank failures tend 
to lead production declines does not prove 
that the bank problems are helping to cause 
the declines.?? 

While it may not be possible to convince 
the determined skeptic that bank and busi- 
ness failures are not purely anticipatory phe- 
nomena, a good case can be made against 
that position. For example, while in some 
cases a bad sales forecast may induce a firm 
to declare bankruptcy, more often that op- 
tion is forced by insolvency (a result of past 
business conditions). For banks, it might well 
be argued that not only are failures relatively 
independent of anticipations about output, 
but that they are not simply the product of 
current and past output performance either: 
First, banking crises had never previous to 
this time been a necessary result of declines 
in output? Second, Friedman and Schwartz, 
as well as other writers, have identified 


"Actually, a similar criticism might be made of 
Barro's work and my own money and price regressions. 

3°Philip Cagan (1965) makes this point; see pp. 216, 
227-28. The 1920-22 recession, for example, did not 
generate any banking problems. 
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specific events that were important sources 
of bank runs during 1930—33. These include 
the revelation of scandal at the Bank of the 
United States (a private bank, which in De- 
cember 1930 became the largest bank to fail 
up to that time); the collapse of the Kredit- 
anstalt in Austria and the ensuing financial 
panics in central Europe; Britain's going off 
gold; the exposure of. huge pyramiding 
schemes in the United States and Europe; 
and others, all connected very indirectly (if 
at all) with the path of industrial production 
in the United States. f 

If it is accepted that bank suspensions and 
business bankruptcies were the product of 
factors beyond pure anticipations of output 
decline, then the evidence of this section 
supports the view that nonmonetary aspects 
of the financial crisis were at least part of the 
propagatory mechanism of the Great De- 
pression. If it is further accepted that the 
financial crisis contained large exogenous 
components (there is evidence for this in the 
case of the banking panics), then there are 
elements of causality in the story as well. 


V. Persistence of the Financial Crisis 


The claim was made in the introduction 
that my theory seems capable, unlike the 
major alternatives, of explaining the unusual 
length and depth of the Great Depression. In 
the previous section, I attempted to deal with 
the issue of depth; simulations of the esti- 
mated regressions suggested that the com- 
bined monetary and nonmonetary effects of 
the financial crisis can explain much of the 
severity of the decline in output. In this 
section, the question of the length of the 
Great Depression is addressed. 

As a matter of theory, the duration of the 
credit effects described in Section II above 
depends on the amount of time it takes to 1) 
establish new or revive old channels of credit 
flow after a major disruption, and 2) re- 
habilitate insolvent debtors. Since these 
processes may be difficult and slow, the per- 
sistence of nonmonetary effects of financial 
crisis has a plausible basis. (In contrast, per- 
: sistence of purely monetary effects relies on 
the slow diffusion of information or unex- 
plained stickiness of wages and prices.) Of 
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course, plausibility is not enough; some evi- 
dence on the speed of financial recovery 
should be adduced. . 

After struggling through 1931 and 1932, 
the financial system hit its low point in March 
1933, ‘when the newly elected President 
Roosevelt’s “bank holiday" closed down 
most financial intermediaries and markets. 
March 1933 was a watershed month in several 
ways: It marked not only the beginning of 
economic and financial recovery but also the 
introduction of truly extensive government 
involvement in all aspects of the financial 
system.?! It might be argued that the federally 
directed financial rehabilitation— which took 
strong measures against the problems of both 
creditors and debtors—was the only major 
New Deal program that successfully pro- 
moted economic recovery.?? In any case, the 
large government intervention is prima facie 
evidence that by this time the public had lost 
confidence in the self-correcting powers of 
the financial structure. 

Although the government's actions set the 
financial system on its way back to health, 
recovery was neither rapid nor complete. 
Many banks did not reopen after the holi- 
day, and many that did open did so on a 
restricted basis or with marginally solvent 
balance sheets. Deposits did not flow back 
into the banks in great quantities until 1934, 
and the government (through the Recon- 
struction Finance Corporation and other 
agencies) had to continue to pump large 
sums into banks and other intermediaries. 
Most important, however, was a noticeable 
change in attitude among lenders; they 
emerged from the 1930-33 episode chas- 
tened and conservative. Friedman and 
Schwartz (pp. 449—62) have documented the 
shift of banks during this time away from 
making loans toward holding safe and liquid 
investments. The growing level of bank 
liquidity created an illusion (as Friedman 
and Schwartz pointed out) of easy money; 


?!See Chandler (1970), ch. 15, and Friedman and 
Schwartz, ch. 8. 

32E, Carey Brown (1956) has argued that New Deal 
fiscal policy was not very constructive. À paper by 
Michael Weinstein in Brunner (1981) points out coun- 
terproductive aspects of the N.R.A. 
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however, the combination of lender reluc- 
tance and continued debtor insolvency in- 
terfered with credit flows for several years 
after 1933. 

Evidence of postholiday credit problems is 
not hard to find. For example, small busi- 
nesses, which (as I have noted) suffered dis- 
proportionately during the Contraction, had 
continuing difficulties with credit during re- 
covery. Lewis Kimmel (1939) carried out a 
survey of credit availability during 1933-38 
as a companion to the National Industrial 
Conference Board's 1932 survey. His conclu- 
sions are generally sanguine (this may reflect 
the fact that the work was commissioned by 
the American Bankers Association). How- 
ever, his survey results (p. 65) show that, of 
responding manufacturing firms normally 
dependent on banks, refusal or restriction of 
bank credit was reported by 30.2 percent of 
very small firms (capitalization less than 
$50,000); 14.3 percent of small firms 
($50,001—$500,000); 10.3 percent of medium 
firms ($500,001—3$1,000,000); and 3.2 percent 
of the largest companies (capital over $1 
million). (The corresponding results from the 
1932 NICB survey were 41.3, 22.2, 12.5, and 
9.7 percent.) 

Two well-known economists, Hardy and 
Viner, conducted a credit survey in the Sev- 
enth Federal Reserve District in 1934-35. 
Based on "intensive coverage of 2600 indi- 
vidual cases," they found “a genuine 
unsatisfied demand for credit by solvent bor- 
rowers, many of whom could make economi- 
cally sound use of working capital.... The 
total amount of this unsatisfied demand for 
credit is a significant factor, among many 
others, in retarding business recovery." They 
added, *So far as small business is con- 
cerned, the difficulty in getting bank credit 
has increased more, as compared with a few 
years ago, than has the difficulty of getting 
trade credit." (These passages are quoted in 
W. L. Stoddard, 1940.) 

Finally, another credit survey for the 
1933—38 period was done by the Small Busi- 
ness Review Committee for the U.S. Depart- 
ment of Commerce. This study surveyed 
6,000 firms with between 21 and 150 em- 
ployees. From these they chose a special 
sample of 600 companies "selected because 
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of their high ratings by a standard commer- 
cial rating agency." Even within the elite 
sample, 45 percent of the firms reported 
difficulty in securing funds for working 
capital purposes during this period; and 75 
percent could not obtain capital or long-term 
loan requirements through regular markets. 
(See Stoddard.) 

The reader may wish to view the American 
Bankers Association and Small Business Re- 
view Committee surveys as lower and upper 
bounds, with the Hardy-Viner study in the 
middle. In any case, the consensus from 
surveys, as well as the opinion of careful 
students such as Chandler, is that credit dif- 
ficulties for small business persisted for at 
least two years after the bank holiday.?? 

Home mortgage lending was another im- 
portant area of credit activity. In this sphere, 
private lenders were even more cautious after 
1933 than in business lending. They had a 
reason for conservatism; while business 
failures fell quite a bit during the recovery, 
real estate defaults and foreclosures con- 
tinued high through 1935.4 As has been 
noted, some traditional mortgage lenders 
nearly left the market: life insurance compa- 
nies, which made $525 million in mortgage 
loans in 1929, made $10 million in new loans 
in 1933 and $16 million in 1934.? During 
this period, mortgage loans that were made 
by private institutions went only to the very 
best potential borrowers. Evidence for this is 
the sharp drop in default rates of loans made 
in the early 1930's as compared to loans 
made in earlier years (see Carl Behrens, 1952, 
p. 11); this decline was too large to be ex- 
plained by the improvement in business con- 
ditions alone. 

To the extent that the home mortgage 
market did function in the years immediately 
following 1933, it was largely due to the 
direct involvement of the federal govern- 
ment. Besides establishing some important 
new institutions (such as the FSLIC and the 
system of federally chartered savings and 
loans), the government “readjusted” existing 
debts, made investments in the shares of 


33See Chandler (1970), pp. 150-51. 
*^U S. Department of Commerce (1975), series N301. 
35UJ.S. Department of Commerce (1975), N282. 
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thrift institutions, and substituted for re- 
calcitrant private institutions in the provision 
‘of direct credit. In 1934, the government- 
sponsored Home Owners' Loan Corporation 
made 71 percent of all mortgage loans ex- 
tended.’ 

Similar conditions obtained for farm credit 
and in other markets, but space does not 
permit this to be pursued here. Summarizing 
the reading of all of the evidence by 
economists and by other students of the 
period, it seems safe to say that the return of 
the private financial system to normal condi- 
tions after March 1933 was not rapid; and 
that the financial recovery would have been 
more difficult without extensive government 
intervention and assistance. A moderate 
estimate is that the U.S. financial system 
operated under handicap for about five years 
(from the beginning of 1931 to the end of 
1935), a period which covers most of the 
time between the recessions of 1929—30 and 
1937-38. This is consistent with the claim 
that the effects of financial crisis can help 
explain the persistence of the depression. 


VI. International Aspects 


The Great Depression was a worldwide 
phenomenon; banking crises, though occur- 
ring in a number of important countries 
besides the United States, were not so 
ubiquitous. A number of large countries had 
no serious domestic banking problems, yet 
experienced severe drops in real income in 
the early 1930's. Can this be made consistent 
with the important role we have ascribed to 
the financial crisis in the United States? A 
complete answer would require another 
paper; but I offer some observations: 

1) The experience of different countries 
and the mix of depressive forces each faced 
varied significantly. For example, Britain, 
suffering from an overvalued pound, had 
high unemployment throughout the 1920s; 
after leaving gold in 1931, it was one of the 
first countries. to recover. The biggest prob- 
lems of food and raw materials exporters 
were falling prices and the drying up of 


560. S, Department of Commerce (1975), N278 and 
N283. 


JUNE 1983 


overseas markets. Thus we need not look to 
the domestic financial system as an im- 
portant cause in every case. 

2) The countries in which banking crises 
occurred (the United States, Germany, 
Austria, Hungary, and others) were among 
the worst hit by the depression. Moreover, 
these countries held a large share of world 
trade and output. The United States alone 
accounted for almost half of world industrial 
output in 1925-29, and its imports of basic 
raw materials and foodstuffs in 1927-28 
made up almost 40 percent of the trade in 
these commodities." The reduction of im- 
ports as these economies weakened exerted 
downward pressure on trading partners. 

3) There were interesting parallels be- 
tween the troubles of the domestic financial 
system and those of the international system. 
One of the Federal Reserve’s proudest 
accomplishments had been the establish- 
ment, during the 1920’s, of an international 
gold-exchange standard. Unfortunately, like 
domestic banking, the gold-exchange stan- 
dard had the instability of a fractional- 
reserve system. International reserves 
included not only gold but also foreign cur- 
rencies, notably the dollar and the pound; 
for countries other than the United States 
and the United Kingdom, foreign exchange 
was 35 percent of total reserves. 

In 1931, the expectations that the interna- 
tional financial system would collapse be- 
came self-fulfilling. A general attempt to 
convert currencies into gold drove one cur- 
rency after another off the gold-exchange 
standard. Restrictions on the movement of 
capital or gold were widely imposed. By 1932, 
only the United States and a small number 
of other countries remained on gold. 

As the fall of the gold standard parallelled 
domestic bank failures, the domestic in- 
solvency problem had an international ana- 
logue as well. Largely due to fixed exchange 
rates, the deflation of prices was worldwide. 
Countries with large nominal debts, notably 
agricultura] exporters (the case of Canada 
has been mentioned), became unable to pay. 
Foreign bond values in the United States 
were extremely depressed. 


57U.S. Department of Commerce (1947), pp. 29-31. 
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As in the domestic economy, these prob- 
lems disrupted the worldwide mechanism of 
credit. International capital flows were re- 
duced to a trickle. This represented a serious 
problem for many countries. 

To summarize these observations: the fact 
that the Great Depression hit countries which 
did not have banking crises does not pre- 
clude the possibility that banking and debt 
problems were important in the United States 
(or, for that matter, that countries with strong 
banks had problems with debtor insolvency). 
Moreover, my analysis of the domestic finan- 
cial system may be able to shed light on 
some of the international financial difficul- 
ties of the period. 


VII. Conclusion 


Did the financial collapse of the early 
1930's have real effects on the macroecon- 
omy, other than through monetary channels? 
The evidence is at least not inconsistent with 
this proposition. However, a stronger reason 
for giving this view consideration is the one 
stated in the introduction: this theory has 
hope of achieving a reconciliation of the 
obvious suboptimality of this period with the 
postulate of reasonably rational, market-con- 
strained agents. The solution to this paradox 
lies in recognizing that economic institutions, 
rather than being a * veil," can affect costs of 
transactions and thus market opportunities 
and allocations. Institutions which evolve and 
perform well in normal times may become 
counterproductive during periods when ex- 
ogenous shocks or policy mistakes drive the 
economy off course. The malfunctioning of 
financial institutions during the early 1930's 
exemplifies this point. 
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Union Wages, Temporary Layoffs, and Seniority 


By GENE M. GROSSMAN* 


It is widely believed that the seniority sys- 
tem, in conjunction with the collective bar- 
gaining process, contributes significantly to 
the determination of the unemployment level 
in unionized sectors. Causal empiricism sug- 
gests that real wage demands often remain 
buoyant in these sectors in the face of seem- 
ingly high rates of unemployment among 
union members. James Medoff convincingly 
documents the evidence that "adjustment 
through layoffs is substantially greater in 
unionized firms than in comparable non- 
unionized firms" (1979, p. 380). The usual 
but somewhat informal explanation is that 
the outcome of union voting is greatly in- 
fluenced by senior workers who are fairly 
certain that they will not be laid off when 
normal shifts in the industry's demand for 
labor occur. ' These inframarginal workers 
are believed to vote for higher wage settle- 
ments than they would if their own jobs were 
not so secure. 

Implicit in this argument is an assumption 
that the size of the union sector is exogenous. 
In reality, less senior workers are free to exit, 
and often to enter the unionized sector (al- 
beit at the bottom of the seniority ladder). 
When less senior workers can express their 
preferences not only through voice, but also 
by exit from the sector, the identity of the 
more and less senior workers is itself a func- 
tion of the wage-employment bargain. This 
suggests that the question of the effect of 
seniority rules on union wage demands can- 


*Assistant professor, Princeton University. I am 
grateful to Jean Baldwin Grossman and Carl Shapiro 
for numerous discussions and thank Orley Ashenfelter, 
David Card, Ted Cavin, Randy Ellis, Hank Farber, 
Michael Katz, Andrew Oswald, and Robert Solow for 
their comments and suggestions. 

!Medoff and Katharine Abraham provide evidence 
that senior workers in union firms are more protected 
from layoffs than similar workers in nonunionized firms. 
Even the most senior workers are occasionally laid off, 
however, as, for example, when plants shut down for 
extended holidays during periods of slack demand. 
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not be divorced from that of the endogenous 
determination of the size of the union sector. 
This paper provides a simple, formal model 
in which the implications of the seniority 
system can be examined. An important fea- 
ture of the model is that the union wage rate 
and the size of the union sector are simulta- 
neously determined. The model adopts an 
assumption about union behavior, familiar 
from the works of Wallace Atherton and 
especially Henry Farber, that follows from a 
consideration of its internal political process. 
In particular, the union is assumed to follow 
a majority voting rule, so that the utility of 
the median worker (in terms of seniority) is 
maximized. Since the wage is set for the 
entire period of the contract, the median 
worker trades off the extra utility associated 
with higher wages during periods of employ- 
ment against the greater probability of being 
laid off. As mentioned above, the less senior 
workers can also * vote with their feet." Exit 
from the union sector is free at the beginning 
of any contract period. Closed shops are 
ruled out, so entry occurs whenever there is 
excess demand for labor in the sector (i.e., 
relative to the current size of the union). 
These assumptions imply that, in a steady- 
state equilibrium, the least senior union 
member is indifferent between the wage- 
cum-probability-of-employment package he 
receives in the union sector and the oppor- 
tunities available elsewhere in the economy. 
Together, the hypothesized behavioral rela- 
tions provide two equations that determine 
the steady-state union wage and union size, 
and layoffs in the union sector in every state 
of nature. 
In Section I, this model of a unionized 
sector is developed, and in Section II, several 
steady-state comparisons are conducted to 
investigate how such a sector responds to 
shifts in the opportunities available outside 
the unionized sector, shifts in the costs asso- 
ciated with a temporary layoff, and changes 
in the degree of variability in the value of 
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marginal product of labor in the unionized 
sector. Section III examines the role of the 
seniority system itself. A parameter is de- 
fined to describe the extent to which a 
seniority criterion rules in layoff decisions. A 
general model capable of embodying a full 
range of assumptions about layoff procedure 
is specified, and the effects of the seniority 
system are studied by variation of the key 
parameter. The final section offers conclud- 
ing remarks and suggests areas for further 
research. 


I. A Model of a Unionized Sector under 
Seniority Rule 


The production side of a small, unionized 
sector which operates within a larger eco- 
nomic environment is modelled. The union 
under consideration is an industrial (as op- 
posed to craft) union. In industries where 
such unions operate, the firms typically make 
most employment decisions, and seniority is 
either the sole or at least a prominent factor 
in layoff and rehire decisions? Furthermore, 
it is often the case that any employee who 
accepts a job in a sector controlled by an 
industrial union is required to join the union, 
but that it is illegal to have union member- 
ship as a prerequisite for initial employment. 
These observations will form the basis for 
some of the assumptions about union-sector 
behavior made below. 

The unionized sector comprises a large 
number of competitive firms, which can be 
aggregated to the industry level. The value 
marginal product of labor (VMPL) in the 
industry during period ¢ is the product of a 
random element, 6,, and a nonstochastic ele- 
ment, g(£,)>0, where E, is industry em- 
ployment of the homogeneous workers, and 
g'( E) « 0. The production technology is such 


Although my model is of course “stylized,” a proto- 
typical example of an industrial union might be the 
United Auto Workers. In contrast to such unions are 
craft unions, as exemplified by the International 
Brotherhood of Electrical Workers. In an industry where 
this type of union operates, hiring decisions are often 
made by the union, which acts almost as an employment 
agent. Typically, work is shared, and seniority is not an 
important consideration. 
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that job sharing is not feasible and employ- 
ment is “all” (eight hours) or “nothing.” It is 
assumed for algebraic convenience that 8, is 
uniformly distributed in the interval [1— a, 
1+ a], although the basic model would be 
applicable to more general distributions of 
the random variable. 

I make a standard, but not totally satisfac- 
tory assumption, that the union acts as a 
monopolist, but only with respect to the 
wage. Thus, the labor demand curve as a 
function of the state of nature is taken by the 
union as a constraint. In principle, a union 
with unlimited monopoly power might ex- 
ercise it by specifying a take-it-or-leave-it 
wage and employment contract. Since such 
packages are rarely observed, they are as- 
sumed to be unattainable, with appeal to 
some limitation on the monopoly power of 
the union. It would be possible to properly 
model the bargaining process for a bilateral 
monopoly, as for example do Ian McDonald 
and Robert Solow, but the simplification 
here allows me to focus more sharply on the 
seniority aspect of wage determination? 

Workers in the unionized sector are in- 
dexed by i, i € [0, L,] where L, is the (endog- 
enous) size of the union at the start of period 
t. Seniority decreases with the index i, and it 
is assumed throughout this section and the 
next that the sole criterion for layoffs and 
rehires is seniority. Labor is perfectly mobile 
ex ante between the unionized sector in ques- 
tion and rest of the economy. However, once 
the state of nature is realized, workers are ex 
post partially immobile, so that laid-off 
workers cannot accept employment outside 
the sector during the contract period without 
bearing some cost. During periods of excess 


*As McDonald and Solow point out, the monopoly 
contract as specified here is inefficient, in the sense that 
all workers and firms could benefit from a fixed employ- 
ment contract, if firms are risk neutral and workers are 
risk averse, and if intra-union transfer payments are 
possible. In particular, the latter assumption will not be 
made, as discussed below. See also Robert Hall and 
David Lilien for a discussion of efficient bargains, and 
an explanation of why unilateral determination of em- 
ployment by management may arise even in this con- 
text. Finally, Martin Weitzman presents a more general 
analysis of optimal contract type. 

*The existence of an asymmetry between ex ante and 
ex post mobility costs is a common assumption in the 
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demand, firms can hire nonunion workers, 
but must pay them the union wage. These 
workers may join the union prior to the start 
of the next period, if they choose to do so.? 

The union objective function has been the 
subject of much attention of labor econ- 
omists. For the purpose at hand, it seems 
essential that explicit recognition be taken of 
the disparate interests of the various mem- 
bers of the union. If side payments within 
the union are possible, then the union might 
maximize the membership's aggregate gain 
from employment, as in McDonald and 
Solow. However, if such side payments are 
impossible, as assumed here, then the union 
objective function emerges from the political 
process that governs decision making. Like 
Farber, I assume this process to be one of 
majority voting. This yields a median-voter 
rule; that is, the union acts to maximize the 
utility of the median voter. 

Since labor is homogeneous, no wage 
gradient would develop in the sector from 
differences in skills. All union members 
would nonetheless vote for a wage schedule 
based on seniority, which, together with the 


implicit contracts literature. See, for example, Costas 
Azariadis or Sanford Grossman and Oliver Hart. If the 
ex post cost of mobility exceeds the difference between 
the nonunion wage and the value of leisure plus unem- 
ployment benefits, then workers who are laid off will 
remain unemployed for the duration of the contract 
period. Bengt Holmstrom has shown, in the context of 
an implicit contracts model encompassing several peri- 
ods, that workers may choose not to move if they are 
laid off, even if the current period benefit to doing so is 
positive. Similarly, if we were to assume in the present 
context that workers who leave the union sector to 
accept nonunion employment lose their position in the 
job queue, or even fail to accumulate seniority during 
this period, then some workers who are laid off would 
remain unemployed, rather than leave the union sector, 
in order to protect their future rents from seniority. 
Whether or not temporarily laid-off workers remain 
unemployed until they are rehired or terminate their 
union membership is immaterial to what follows. 

5Entry into and exit from the union are discussed 
further below. 

It can be verified below that preferences of union 
members are single peaked as a function of wage w, thus 
ensuring the existence of a majority-rule equilibrium. 
See Douglas Blair and David Crawford for discussion of 
the conditions that guarantee existence and uniqueness 
of equilibrium in the context of the union voting prob- 
lem. : 
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layoff rule, would allow the union to operate 
as a discriminating monopolist. Such sched- 
ules might be costly for the union to negoti- 
ate with the firms. The advantage of collec- 
tive bargaining is that each wage need not be 
negotiated separately.’ I henceforth make the 
strong, but simplifying assumption that all 
workers receive the same wage.* 

Given the uniformity of the union wage 
across workers, it is likely that various state- 
contingent wage schedules would be favored 
over a state-independent wage by some but 
not all union members. Admitting the possi- 
bility of state-contingent contracts into the 
union’s internal discussions might make the 
deliberation process difficult and costly. Fur- 
thermore, contingent contracts often entail 
substantial costs for monitoring and enforce- 
ment. For these reasons, and again because 
such contracts are rarely observed, I sum- 
marily rule them out. 

Consider, then, the determination of the 
(state-independent) wage for period ¢, w,, as 
a function of the size of the union. The 
probability of employment for a worker with 
seniority index i is denoted c; and is given 
by 


(1) — mePr(&g(i) > w,) 
= Pr(8,>w,/g(i)) 
= [1 +a— w,/g(i)]/2a. 


Let u(i) be the expected utility of a worker 
with index i. An employed worker has in- 


Farell Bloch and Mark Kuskin and Richard Free- 
man show that the union bargaining process results in a 
standardization of wage rates. ` 

*In a model with skill differences, this single wage 
would represent the benchmark from which adjustments 
for skill would be made. 

?More rigorously, 7; takes on the value shown in (1) 
only if it falls between zero and one, and takes on the 
closer of these extreme values otherwise. Two important 
restrictions limit the equilibrium value of this function. 
First, the median worker must have a probability of 
employment strictly less than one, which implies 1— æ 
—w,/g(L,/2)«0. If this were not so, the median 
worker would always desire a higher wage. Second, the 
least senior worker must have a strictly positive proba- 
bility of employment, i.e., 1+ a — w,/g( Lj) » 0. 
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come w, and, suppressing prices and assum- 
ing no nonlabor income, indirect utility o(w,), 
with o'» 0, o"^«0.9 A laid-off worker 
achieves utility 6, which is strictly less than 
the utility © associated with ex ante em- 
ployment outside this unionized sector. If 
temporarily laid-off workers remain unem- 
ployed, then ó combines unemployment ben- 
efits and the (fixed) value of leisure. In any 
event, ó represents the reservation utility level 


for all union members. The expected utility ' 


of the median worker is 
(2) u(L,/2) = v, ow) (1 7 1,2) 6. 


The union maximizes this with respect to its 
choice of w,, which yields a first-order condi- 
tion 


(3) [a + a)g(L,/2)- w] v'(w,) 
=v(w,)-6, 


and a second-order condition which is al- 
_ways satisfied. Equation (3) is termed the 
voting schedule, and is shown as curve VV in 
Figure 1. Its slope is 


dw| +a) o 
dL\yy [|ve(w)-e]A/v(w)42 `’ 


where A is the coefficient of absolute risk 
aversion, defined to be positive. An increase 
in the union size results in a less senior 
median worker who is more concerned with 
the prospect of being laid off, and therefore 
votes for a lower wage. 

Next, consider the determination of union 
size. I assume that closed shops (ie., jobs 
that have union membership as a pre- 
requisite) are prohibited by law, as in fact 
they are in the United States. Thus, unions 
cannot legally prevent firms from hiring non- 
members of the union, if all union members 
are employed. Entry into the sector occurs in 
any period in which the demand for labor at 
the going union wage exceeds the union size. 


10Tf. 9 is interpreted as the price of output of the 
unionized sector, then it is assumed that this good is 
small in the budget set of all consumers. 
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FIGURE 1. EQUILIBRIUM AND STABILITY 


The union might nontheless restrict entry 
into the union, so as to achieve a homoge- 
neous voting pool with similar wage objec- 
tives. However, unions are also required by 
law to represent all industry workers in col- 
lective bargaining. Membership restriction 
would entail the loss of membership dues 
from nonmember employees, who would in 
effect free ride on the costs of contract 
negotiation. It is more common, therefore, 
for unions to negotiate with firms for a mem- 
bership requirement for all labor in the sec- 
tor, or else to recruit as many members as 
possible among employees, rather than to 
restrict membership to certain employees. 
Thus, it seems plausible to assume that all 
workers who are offered full-time employ- 
ment in the union sector in any given period 
may, if they choose, become union members. 
Union membership is not an option for 
workers outside the industry. 

. Each worker decides whether or not to 
become or remain a member of the union at 
the end of each contract period. This deci- 
sion is based on the expectation that the 
current period’s wage will prevail again in 
the next period.!! The benefit to a worker of 


"The assumption of static expectations is for exposi- 
tional convenience only. The steady-state equilibrium 
described below is fully consistent with a rational expec- 
tations assumption. 
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enlisting or reenlisting in the union is the 
chance it affords for a high-paying union 
job. There is a potential cost, however, be- 
cause ex post mobility is costly. If a worker 
opts to remain in the union sector, and then 
is laid off after the next period's uncertainty 
is resolved, then his utility will be less than if 
he had exited the sector. Let us define 7, = 
I(w,.,) as the seniority index of a worker 
who, if he were in the sector at the end of 
period / — 1, would just be indifferent be- 
tween remaining in the sector for another 
period and exiting to the rest of the econ- 
omy. Then 7, is given implicitly by 


(4) m,0(w,_,)+(1— r, )6 =o. 
Employment in period t — 1 is given by 
(5) 6,-.8(E,-1) = Weis 


Since union exit is free at the end of any 
period, and entry is open only to those who 
have worked in the sector, union size in 
period t is 


(6) L,=min[I,, max(L,_,, E, .)]. 


Equations (3)-(6) determine a sequence of 
wages, employment levels, and union sizes as 
a function of the realizations of the random 
variable 0. A steady-state equilibrium of this 
process, if it exists, must be characterized by 


(7) L* — I*, ; 


where asterisks denote steady-state values. 
To see this, suppose that L, < J,. Then there 
are two possibilities. First, if the wage chosen 
by the union for period ¢ is not “too” high, 
excess industry demand for labor will result 
for some values of 8,. If one of these values is 
realized, new employees will be hired. Then, 
either 7,, > L,, and consequently L,, , > L, 
(ie., some of the new workers will elect to 
join the union), or 7,,, < L, and therefore 
I,,, <J,. In either case, the initial situation 
could not have been one of steady-state equi- 
librium. Second, the wage may be set by the 
union at a level sufficiently high to leave a 
zero probability of excess labor demand. 
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Then the least senior union member will be 
laid off with probability one, and this worker 
will certainly not choose to remain in the 
union when the contract period ends. In such 
instances, L,,,« L, and again the initial 
situation could not have been one of steady- 
state equilibrium. 

Combining (4) and (7) yields the following 
relationship between the steady-state size of 
the union and the union wage: ‘ 


a, .0(w*)+(1— a.) ô= 0; 


or, after substituting equation (1),!? 


(8) (o(w)—6)[1+ @-(w/g(L))] 


—2a(v— 6). 


Equation (8) is the membership schedule, 
and is depicted as MM in Figure 1. The 
membership schedule gives combinations of 
the union wage and union size that leave the 
least senior union member just indifferent 
between remaining in the union and seeking 
employment elsewhere. Note that such an 
indifference condition is not inconsistent with 
findings that unions earn premia for holders 
of union jobs, or that job queues exist in 
unionized sectors (see John Abowd and 
Farber). In an ex ante sense (i.e., prior to the 
realization of 0), every union member except 
the single, least senior worker has higher 
expected utility than is available outside the 
union sector. Furthermore, ex post facto 
every worker who does secure a union job 
earns a wage greater than that prevailing in 
the nonunion sector. In periods of less than 
full employment in the unionized sector, the 
existence of a queue for union jobs (and 


12 Henceforth, I shall study only the steady-state equi- 
libria, and will therefore drop the asterisks and time 
subscripts. 

'3 Two referees have suggested that even the marginal 
worker in the union sometimes enjoys a rent. This is 
possible, when closed shops are absent, only if union 
membership is restricted to certain workers among those 
in the industry. If such restrictions exist, then the ques- 
tion of who is to be admitted to the union is an 
additional policy issue open to union voting. With two 
policy variables, a voting equilibrium may fail to exist, 
except under restrictive assumptions about the sequence 
of votes. 
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20-5 We) — (1- a)g'(L/2)72 || dw 
(9) v'(w) 


[(1+a)g(L)—w]o'(w)-[0(w)—6] | (ow) 6)wg'(2)/g(L) || dL 


-| 0 l/o'(w) 
2ag(L) (1-a)g(L)-w sg(D)(s-6)-v— v(w)] 


. perhaps union membership as well) is indeed 
predicted by the model. i 
The slope of the MM curve is 


dw 
dL MM 


-(e(w)—ê)wg'(L)/s(L) 
[(1+a)g(L)-w]o'(w)-[o(w)- 6] ' 


which is.negative in the neighborhood of the 
VV schedule. An increase in the wage wors- 
ens the employment prospects of the least 
senior worker, lowers his expected utility de- 
spite the direct utility increase of the higher 
wage in employed periods, and, after’ full 
adjustment, causes the union sector to shrink. 

The equilibrium, steady-state wage, and 
union size are depicted in Figure 1 at the 
intersection of the MM and VV curves.. The 
arrows in the figure indicate the direction of 
movement of these variables from any initial 
point. The dynamic system of equations is 
‘stable if and only if the MM curve is the 
steeper of the two. I henceforth assume this 
to be the case. 


I. Steady-State Comparisons 


We are now in a position to study how a 
unionized sector that operates according to a 
seniority rule responds to various shocks. I 
concentrate only on comparison of steady- 
state equilibrium values, and consider three 
exogenous changes in turn: (7) a change in 
opportunities available outside the unionized 
sector, dd; (ii) a change in unemployment 
benefits, the utility of leisure, or mobility 
costs, represented by dé; and (iii) a mean- 
preserving change in the variability of the 


g(L/2) | s | 


6 |. 
da 


value marginal product of labor in the sector, 
da. The effects of these shocks are derived by 
totally differentiating equations (3) and (8), 
and solving the resulting system of equations 
(9). Note that the Jacobian determinant A is 
negative by the stability assumption. 


A. An Increase in o 


An increase in opportunities outside the 
unionized sector shifts the MM schedule to 
the left (see Figure 2). At a given wage, and 
therefore layoff probability, the union must 
contract in response to an increase in 0. 
There is no shift in the VV curve, since 
outside opportunities do not directly affect 
the. median worker, who is inframarginal. 
Thus, the smaller union at point b in the 
figure votes for a higher wage, which causes 
the union to further contract to point c. 

At the new equilibrium, the higher wage 
implies less union employment in any state 
of nature, and, at the same time, the union 
labor pool is smaller. It is interesting to 
consider the net effect on the rate of industry 
unemployment across states of nature. This 
variable, which is often mentioned in popu- 
lar discussions, can be defined as the per- 
centage of workers in an industry who are on 
temporary layoff, awaiting recall. Of course, 
since the sector under consideration is small, 
this is not macroeconomic unemployment in 
the traditional sense, but stems rather from a 
labor market distortion at the industry level.'* 

Let E(0) be the demand for union labor 
in state of nature 0, and z(0) = max(0,[L — 
E(80)/L) be the industry unemployment 


'4Tn fact, as discussed in fn. 4 above, workers laid off 
from their jobs in the unionized sector need not remain 
unemployed while they are awaiting recall. 
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rate. Then for z(0) » 0, 


_ (i+a)g(L/2)e(L/2) 
aa we( E) | 


where e(i) = — ig’(i)/g(i), is the elasticity of 
the VMPL schedule, defined to be positive. 
In general, the effect on the industry unem- 
ployment rate is ambiguous, and depends on 
the curvature of the VMPL. Consider the 
special case in which the elasticity of the 
VMPL is constant (Le. e(i) = ë). Substitut- 
ing (3) into (10), and rearranging, we have 


CORON TE 


á wo'(w) 


where r - wA is the coefficient of relative 


risk aversion. If the VMPL has constant elas- 
ticity, then a sufficient condition for the in- 


A constant-elasticity VMPL schedule corresponds 
to an underlying production function that is Cobb- 
Douglas. 
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dustry unemployment rate to fall in all states 
of nature in response to an increase in oppor- 
tunities outside the unionized sector (v) is 
A» I. Note that the probability of layoff 
must rise for all workers who remain in the 
union, implying that utility falls for all re- 
maining workers with seniority less than the 
median. 


B. An Increase in ó 


An increase in unemployment benefits or 
a decrease in mobility costs shifts both the 
MM and VV schedules to the right, as shown 
in Figure 3.!6 For a given wage, an increased 
utility associated with layoffs implies a larger 
union. For a given union size, an increased ó 
induces the median voter to support a higher 
wage. With these shifts, both the wage and 
the union size can move in either direction, 
although both variables cannot be observed 
to decrease together. 

The solution for the change in union size 
can be derived from (9), and rearranged to 


16Jt is assumed here that the change in unemploy- 
ment benefits or mobility costs does not affect the 
utility level achievable outside the unionized sector. For 
a complete treatment, we would need to model the 
remainder of the economy, in order to calculate dō/dô. 
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yield 


Q) f:-idqa-sae(L)-w] 


+[(1+a4)g(L/2)—w] 
+ A[(1+a)2(L/2)-w] 
x [(1-@)g(L)—w]). 


The last term in the brackets is negative, as is 
A. If a<1/3, then the sum of the first two 
terms in the brackets is negative as well. 
Thus, for relatively little variability in the 
VMPL (a small), dL/dó > 0. If a is large, 
the union will nonetheless expand in size 
when unemployment benefits increase, if the 
coefficient of absolute risk aversion is suffi- 
ciently large. A sufficient condition for 
dL/dv 7-0 when a>1/3 is A»1/[w —(1— 
a)g(L)]. A fall in union size is possible only 
for a large shift in the VV schedule, and a 
small shift in the MM schedule. The former 
occurs if absolute risk aversion is small or 
utility associated with temporary layoff is 
great. The latter occurs if the probability of 
employment for the least senior worker is 
high or if the VMPL evaluated at L is very 
employment elastic. 

The change in the wage caused by a change 
in the utility of a temporarily laid-off worker 
is 


(12) dw/dé = [—2ag(L/2)/LA] 
x [(1+ a) g(L)xe(L/2)(m,-1) 
+we(L) m2]. 


This is likely to be positive when the proba- 
bilities of employment for both the median 
and least senior worker are high, which in 
turn occurs whenever unemployment bene- 
fits are initially low and mobility costs 
high, and when opportunities outside the 
unionized sector are favorable. 

The expression for the change in the in- 
dustry unemployment rate for a general g( L) 
function is complicated, and of ambiguous 
sign. Again I consider the special case in 
which the elasticity of the VMPL schedule is 
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constant. For this case, the following expres- 
sions can be derived: 


a) 40. Zl- 2ag(L)* (R1) 
xla- sa)-v]| 9-8] 


A sufficient condition for (13) to be positive . 
is R>1. If the VMPL schedule has constant 
elasticity and the coefficient of relative risk 
aversion exceeds unity, then a rise in unem- 
ployment benefits (or a fall in mobility costs) 
increases the unemployment rate in the union- 
ized sector in all states of nature with positive 
unemployment. 


C. An Increase in a 


Finally, I consider a mean-preserving 
spread in the random, multiplicative shift 
factor in the VMPL, as represented by an 
increase in a. This can be regarded loosely as 
(the negative of’) the effect of a government 
“leaning against the wind” policy with re- 
spect to industry-specific fluctuations (for 
example, import competition). 

An increase in a shifts the VV schedule to 
the right, as depicted in both a and b of 
Figure 4. For.fixed union size, the change in 
the most-preferred wage of the median 
worker that is caused by a change in the 
range of £ is given by 


dw 


g(L/2) 
P >0. 


| (v(w)=6)4/0(w)+2 


The direction of shift of the MM curve de- 
pends upon how the probability of employ- 
ment of the initial least senior worker is 
affected by a spread in @. If the least senior 
worker is initially employed with probability 
greater than one-half, then the probability of 
employment falls as a increases, and the MM 
curve shifts to the left. This case, which is 
certainly the most plausible on empirical 
grounds, is illustrated in Figure 4a. If instead 
v; «1/2 initially, then the MM curve shifts 
to the right, as in Figure 4b. The magnitude 





VV,dL=0 
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of the shift is 


dL -leG)-v]r. 


da|ww,aw-o  awe(L) 


Note that g(L) » w & m; » 1/2, so that the 
direction of shift of the MM curve is indeed 


governed by the size of the initial probability 


of employment of the least senior worker. 
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Consider the more likely case in which 
7, 71/2 (Figure 4a). In this case, unions 
that operate under a seniority system will 
ceteris paribus be smaller in industries sub- 
ject to wider fluctuations, and union wages 
will be higher in these industries." This sug- 
gests that a government policy aimed at 
stabilizing a unionized sector may actually 
effect an increase in the average layoff rate 
in the industry, as a result of the induced 
expansion of the industry's labor pool. In the 
special case of a constant elasticity VMPL 
curve, it can be shown that 


sgn(dz(0)/da) 
= sgn((v(w)— 6)(1— R)/we'(w)- 1}. 


A necessary and sufficient condition for the 
unemployment rate to increase in every state 
of nature for which unemployment is ‘posi- 
tive (given 7,>1/2 and e(i)=é), in re- 
sponse to a government stabilization pro- 
gram, is R>1— wo'(w)/(v(w)— 6). When 
workers are sufficiently risk averse, a 
dampening of industry fluctuations induces 
many more workers to enter the sector, and 
causes the layoff rate to rise, despite the 
lower wage and consequent higher labor de- 
mand. 

To summarize, the simple model of union 
behavior and industry equilibrium yields rel- 
atively simple and plausible answers to ques- 
tions concerning the effects on steady-state 
equilibrium of exogenous shocks to the 
unionized sector. In all cases the coefficient 
of relative risk aversion plays an important 
role, because it summarizes the extent to 
which junior workers are willing to gamble 
on the possibility of landing a high-paying 
union job. If workers are relatively risk averse 
(for example, R>1), and the VMPL has 
constant elasticity, then the industry unem- 
ployment rate will increase when opportuni- 
ties outside the union sector worsen, when 
unemployment benefits improve, and when 


For a, «1/2, a sufficient condition for an increase 
in a to nonetheless result in a higher union wage is 
e(L)> e(L/2), ie. that the elasticity of the VMPL 
schedule be a nondecreasing function of employment. 
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fluctuations in the sectors value, marginal 
product of labor are dampened. 


III. The Effect of the Seniority Rule 
for Layoffs 


Does the seniority criterion for layoffs and 
rehires cause the union wage and the in- 
dustry unemployment rate to be higher than 
would result if workers were unsure of their 
place in the job queue? In order to address 
this question, we must extend the model of 
the previous section to allow for uncertainty 
on the part of each worker regarding his 
location in the layoff ordering. The purpose 
of the present section is to develop one such 
extension which introduces a single parame- 
ter that summarizes the degree of worker 
uncertainty. Once this is done, we can study 
the effects of the seniority system by varying 
this important parameter. 

The basic structure of the above model is 
adopted. In particular, the representation of 
the stochastic VMPL schedule, the nature of 
the relationship between the union and the 
firms in the industry, and the modus operan- 
di of the union are left unchanged. How- 
ever, workers are no longer.assumed to be 
perfectly certain about the order in which 

„layoffs will take place. Let i € [6, L — 8] once 
again be an index for members of the union, 
ranked according to decreasing seniority, and 
let there be a uniform density of L/(L-—2 8) 
workers of each type. The total membership 
of the union is again L. A union member 
with index i has a subjective prior for his 
location in the job queue that is uniformly 
distributed on [i—6,i+ 0]. Workers with 
higher indices expect on average to be laid 
off sooner. Note that for ô = 0, this specifica- 
tion of workers' expectations and the distri- 
bution of types of workers is the same as that 
in Section I. When 8 takes on its maximum 
allowable value of L/2, all workers are iden- 
tical, and each expects that layoff decisions 
will be made randomly, and that seniority 
considerations are completely inoperative.!* 


18 This is the specification adopted by McDonald and 
Solow, whó, of course, are not concerned with the role 
of seniority. 
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The subjective probability of employment 
for a worker with index i is 


(4) m= f T2) ws 013254 


where j is the potential ranking of worker i in 
the job queue. We can now proceed as be- 
fore. The median worker with index i= L/2 
has expected utility u(L/2) — a,/.0(w)+ 
(1— 75,,/,)6. The union voting schedule is 
derived by maximizing u(L/2) with respect 
to the choice of the wage rate. The equation 
for the VV curve, analogous to equation (3) 
above, is 


L/2+8 


(15) E [+a w/s)] 54 


_ v(w)-0 sits 
(w) da: à i^ 


'The MM curve, which applies in a steady- 
state equilibrium, equates the utility of the 
least senior worker (whose index is i = L ~ 8) 
with the utility level attainable outside the 
unionized sector. Algebraically, this is repre- 
sented as 7,_s0(w)+(1 — v, 4)Ó — o, or 


a9 [fE a+a-we gage 
x [o(w)- 6] =o-6. 


It is straightforward to show that both of 
these curves must be downward sloping (in 
the neighborhood of steady-state equilibri- 
um), and that the MM curve must be the 
steeper of the two for stability. Once again, 
this will be assumed to hold throughout. 

An increase in 6 represents an increase in 
the extent of uncertainty about position in 
the job queue. If the seniority ranking were 
the only criterion for layoffs and rehires, no 


' such uncertainty could exist. Therefore, an 


increase in ô implies that other considera- 
tions besides seniority are becoming more 
important in these decisions. I use ô as a 


measure of the strictness of reliance on the 


seniority system, and investigate the role of 
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seniority by differentiating (15) and (16) to- 
tally with respect to à. 

An increase in ô causes the MM curve to 
shift to the right. This is because a reduction 
in reliance on the seniority system must nec- 
essarily raise the probability of employment 
of the least senior worker. This result is more 
general than the specific representation of 
the workers' expectations used here, since the 
least senior worker's place on the job queue 
obviously can be no worse than last. At a 
given wage, movement away from the senior- 
ity system results in an expansion in steady- 
state union size given by 


dL 
dà MM,dw=0 


__1/g(L-28)-1/g(L) 


>0. 
2 L 1 
. Mera T 


g(L-26) 


The direction of shift of the VV schedule 
depends critically on how the probability of 
employment of the median worker is affected 
by relaxation of the seniority rule. The prob- 
ability of employment of the median worker 
decreases with ô if and only if the function 
h(E)s1/g(E) is convex (i.e., h” > 0). This 
is better understood with the aid of Figure 5. 
Here I plot the probability of employment of 
the median (in terms of seniority) worker, 
7,757 |l t a - wh(j)]/2a, as à function of 
j, the possible position of the median worker 
in the job queue. If this function is convex as 
drawn (as will be the case if h( E) is concave), 
then a gamble drawn from a uniform distri- 
bution between j = L/2— 6 and j= L/2+ 6 
must raise the mean subjective probability of 
employment for the median worker, relative 
to a certain employment probability at j= 
b/d. . 

When is h(E) likely to be convex? Con- 
sider the VMPL schedule that is derived 
from a constant returns to scale, constant 
elasticity of substitution (CES) production 
function for an industry with a fixed stock of 
capital? Let o be the elasticity of substitu- 


That is, g(L)  QF(L; Bes bere F(L, K)= 
[aL 7 79 -(1— a) KOM D/o o7 (0~1) 
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FIGURE 5. EMPLOYMENT PROSPECTS FOR THE 
MEDIAN WORKER 


tion and @ the elasticity of output with re- 
spect to labor. Then a necessary and suffi- 
cient condition for h(E) convex is o «1/ 
(1+ 8). 

We can now express the change in the 
outcome of the union-wage vote (for a given 
union size), in response to a relaxation of the 
seniority rule for layoffs as 





b: pco |o v(w)- v] 
xh /s[3 8) s (5-9) 
E res | 





E Da -w 


-20'0w)/e()) 4]. 


The denominator is negative, and the first 
bracketed term in the numerator is positive, 
so the wage increases (decreases) if the sec- 
ond bracketed term is negative (positive), or 
if h(E) is concave (convex). 

Consider first the case in which h(E) is 
convex. The result of a parametric increase 
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b: h(E) CONCAVE L 


FIGURE 6. INCREASE IN 8 


in ô in this case is depicted in Figure 6a. The 
VV curve has been shifted downward, be- 
cause at the initial equilibrium @Q°, the 
median worker finds that the mean-preserv- 
ing spread in his probable position in the job 
queue has reduced his subjective probability 
of employment. He therefore readjusts his 
most-favored wage downward, to once again 
achieve an optimal point on his wage vs. 
probability-of-employment tradeoff. At the 
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same time, new members join the union, 
initially because the move away from the 
seniority rule improves their prospects, and 
then in response to the new, lower, union 
wage. The ultimate steady-state equilibrium 
is at Q'. Here the seniority system unam- 
biguously has two of the effects usually at- 
tributed to it. A reduction in the use of the 
seniority criterion for layoffs results.in both 
a lower wage rate and a larger union. The 
direction of change of the industry unem- 
ployment rate is less clear, since both the 
labor pool and labor demand grow. The 
average unemployment rate is most likely to 
fall when the coefficient of relative risk aver- 
sion is small, since the decline in the wage is 
largest in such circumstances. 

If h(E) is concave, as would be the case if 
the elasticity of substitution between capital 
and labor for a CES production function 
were large, then increased uncertainty about 
how seniority translates into position in the 
job queue raises the subjective probability of 
employment for the median worker. It is 
perhaps surprising that in such cases the 
seniority system, in conjunction with the 
majority voting process, mitigates the wage 
demands of the union. The increase in uncer- 
tainty about layoff order now shifts the VV 
curve upward, as in Figure 6b. The wage rate 
may nonetheless fall, as in the case il- 
lustrated, but the reason is not the one that is 
commonly offered. Here the wage falls not as 
a result of the voting behavior of a given 
median worker, but because the enhanced 
opportunity for less senior workers causes 
the union to expand, and alters the identity 
of the median worker. 

For larger shifts in the VV schedule than 
the one shown, a movement.away from a 
seniority rule could increase the wage rate. 
Shifts in the VV schedule are large when the 
coefficient of relative risk aversion is small, 
and when the elasticity of substitution be- 
tween labor and the fixed factors in the 
industry is large. It is straightforward but 
tedious to show that for a constant elasticity 
VMPL schedule, as would derive from a 
Cobb-Douglas production function, an in- 
crease in 6 unambiguously results in a higher 
wage. Such a wage increase could possibly 
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occur concomitant with an expansion in the 
size of the unionized sector, in which case the 
industry unemployment level would neces- 
sarily rise in every state of nature. In general, 
not much more can be said about the case of 
h( E) concave. 

Let us recapitulate the arguments of this 
section. The received wisdom concerning the 
combined role of the seniority system and 
majority voting within unions in the de- 
termination of union wages must implicitly 
rely on an assumption that movements away 
from a seniority criterion for layoffs decrease 
the probability of employment of the median 
worker. I have shown that this is in fact true 
when the reciprocal of the value marginal 
product of labor schedule is a convex func- 
tion of employment. A simple necessary and 
sufficient condition was derived for the ex- 
ample of a CES production function. When 
the condition is satisfied, a movement to- 
ward a stricter seniority system, in the sense 
that seniority becomes a better predictor of 
the job queue, results in a higher union wage 
and a smaller union sector. It does not fol- 
low immediately that industry unemploy- 
ment rises, since both labor demand and 
labor supply contract in this case. 

When the reciprocal of the VMPL sched- 
ule is concave, movement away from a 
seniority rule increases the probability of em- 
ployment of the median worker. Here two 
offsetting forces are at work. A majority vote 
by the original union results in a higher 
wage, and by itself, a tendency for the least 
senior workers to leave the sector. But the 
increased reliance on factors other than 
seniority in layoff decisions ceteris paribus 
improves prospects for less senior workers, 
which causes the union to expand, and there- 
fore voting to take place in an environment 


of less senior workers on average. The out- . 


come depends on the relative strengths of the 
various forces at work. 


IV. Concluding Remarks 


The model developed in this paper takes 
as its starting point that layoff decisions are 
based, at least to some extent, on seniority. 
Also taken as given is the internal political 
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process of the union, which is assumed to be 
one of majority voting without side pay- 
ments. Using these assumptions, and infor- 
mation about the stochastic nature of the 
value marginal product of labor in the un- 
ionized sector, the model simultaneously de- 
termines the steady-state size of the union 
sector, and the monopoly-union wage de- 
mand. The industry unemployment rate in 
every state of nature is a by-product. 

In order to highlight the roles of the 
seniority system and the majority voting rule, 
some important aspects of union wage de- 
termination were ignored. First, firms in the 
unionized sector were assumed to respond 
passively to union wage demands. A more 
complete treatment would take into account 
the role of the bargaining process itself, in- 
cluding the possibility that contracts which 
Pareto dominate the ones discussed here 
might emerge. Second, no recognition was 
taken of the potential heterogeneity of 
workers. The identity of laid-off workers 
might be assumed to depend in a predictable 
way on skill levels. The internal political 
process in the union becomes more com- 
plicated when the union must represent 
workers with different skill levels, as well as 
different seniority levels, if the two are not 
perfectly correlated. Finally, in this paper I 
have summarily ruled out the possibility that 
wages vary with seniority or are state-contin- 
gent. In general, all union members might 
prefer these more complicated contracts, if 
nothing had to be given up in return. Future 
work might address when such contracts are 
likely to arise. 

Another useful extension of the present 
paper would make endogenous the rules that 
govern the ordering of workers in the layoff 
queue. Here I have simply called this crite- 
rion “seniority,” and have taken it to be 
exogenous. By doing so, I have generated a 
model in which the marginal and median 
worker differ in a particular way in their 
preferences over union wage demands. How- 
ever, if the union’s demands for the layoff 
criterion and the wage rate were to be de- 
termined simultaneously, then it is likely that 
the factors which influence its choice of the 
former will interact with those that influence 
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its choice. of the latter. The nature of this. 


interaction is a: subject: for future ri 
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Preliminary Evidence on the Use of Inputs by the 
Federal Reserve System 


By WILLIAM F. SHUGHART II AND ROBERT D. TOLLISON* 


Because the main objectives of the Federal 
Reserve System (the Fed) concern what Mil- 
ton Friedman (p. 100) describes as the Holy 
Trinity — full employment, economic growth, 
and stable prices—scholarly evaluations of 
the central bank's performance understand- 
ably center most often on the behavior over 
time of macroeconomic variables such as the 
aggregate price level, interest rates, and na- 
tional income. Recently, however, Friedman 
and others have been drawn to the view that 
an explanation for the Fed's monetary policy 
record may be found in the bureaucratic 
incentives faced by central bank officials. 

To illustrate this approach, Friedman ob- 
serves that the Fed's historical concern with 
the number of member banks in the system 
cannot be rationalized on the basis of mone- 
tary control; *it derives rather from the 
prestige, sense of importance, power, and 
effective lobby that the system gains by su- 
pervising many thousands of banks and other 
financial institutions..." (p. 115) Mark 
Toma argues that the Fed's independence of 
the normal congressional budgetary process 
introduces an inflationary bias to monetary 
policy. Specifically, he finds a positive rela- 
tionship between the Fed's income from open 
market operations and the size of Fed oper- 
ating expenses. 

Keith Acheson and John Chant adduce 
evidence that several of the Bank of Canada's 
policy initiatives during the 1950's and 1960's 
were more consistent with minimizing the 


*Federal Trade Commission and Clemson Univer- 
sity, respectively. The opinions expressed in this paper 
are solely our own and do not necessarily reflect the 
views of the Federal Trade Commission, its staff, or any 
individual Commissioner. We benefited from comments 
on earlier drafts by Phillip Cagan, Robert Ekelund, 
Richard Higgins, Michael Maloney, James C. Miller III, 
Dennis Mueller, David Saürman, Gordon Tullock, Myles 
Wallace, and Thomas Willett. The comments of Robert 
McCormick and an anonymous referee were especially 
helpful in improving the paper. The usual caveat ap- 
plies. 
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cost of government debt than with the Banks' 
publicly stated goal of extending Canadian 
financial markets. Chant and Acheson also 
produce data to support their thesis that the 
Bank of Canada's *... decisions to emphasize 
covert instruments, to acquiesce in preserv- 
ing a concentrated banking system and to 
maintain an excessive battery of tools appear 
rational" (1972, p. 30) only when viewed in 
the context of bureaucratic behavior. Finally, 
they (1973) find the public pronouncements 
of the Bank of Canada to be consistent with 
the bureaucratic goal of avoiding account- 
ability for policy failures. 

In this paper we present evidence on Fed 
behavior that focuses on its use of inputs. 
Using data that cover the entire period over 
which the Fed has been in existence, we find 
a positive and statistically significant ceteris 
paribus relation between the monetary base 
and the size of the Fed. “Size” is measured 
in terms of the number of employees. This 
result suggests that one motivation for ex- 
pansions in the money supply is to finance 
the growth of the Fed's bureaucracy. That is, 
the Fed, which operates under a requirement 
that it return excess income to the Treasury, 
* pads" its operating expenditures by increas- 
ing the number of employees on its payroll. 
The employment effect does not explain all 
(or even most) of historical money supply 
values. Our empirical results indicate, rather, 
that bureaucratic incentives play a role in the 
formulation of monetary policy and perhaps 
explain in part the Fed's apparent inflation- 
ary bias. 

Our presentation is organized as follows. 
Section I contains a discussion of the con- 
straints placed on the Fed's income-earning 
abilities and indicates how the Fed adjusts to 
those constraints. In particular, we argue that 
because the Fed can retain profits de- 
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under such a constraint. The basic data and 
empirical evidence are presented in Section 
II. Additional findings and implications are 
reported in Section III, and concluding re- 
marks are offered in Section IV. 


L The Fed as a Bureaucratic Agent 


As Friedman has suggested, the Fed oper- 
ates much like any other bureaucracy. As 
such it seems useful to treat the central bank 
within a principal-agent context where the 
Fed carries out a menu of activities for a 
sponsor. For example, the Fed may pursue 
the Holy Trinity, it may generate the rate of 
. monetary growth that maximizes inflationary 
tax revenues, it may be in the business of 
disrupting private, contracts denominated in 
nominal dollars, it may underwrite budget 
deficits, and so forth.! Whatever functions it 
performs, and without excluding the possibil- 
ity that the central bank also serves as agent 
for the executive branch, we assume that the 
Fed’s sponsor is the Congress and that the 
Fed’s activities are geared toward assisting 
the legislature in attaining its political goals. 
The latter may be wealth transfers or macro- 
economic stability. In any case, the actual 
objectives of government are not crucial to 
our theory of bureaucratic control. 

Operationally, the Fed produces and then 
sells money through commercial banks and a 
select group of government securities dealers. 
In carrying out such open market transac- 
tions, the Fed operates under several con- 
straints, one of which is that it may purchase 
only a restricted set of assets. Allowable 
purchases include U.S. government securities 
(Treasury bills, notes, certificates, and U.S. 
bonds) and certain kinds of commercial 
paper.” This securities portfolio represents 
the principal asset on the central bank’s bal- 
ance sheet; major liabilities include outstand- 
ing Federal Reserve notes and member bank 
reserves.’ 


1Gerald Dwyer has recently produced evidence, how- 
.ever, that “... there is no immediately apparent connec- 
tion between the federal government's deficits and debt 
purchases by the Federal Reserve" (p. 327). 

See Boris Pesek and Thomas Saving, pp. 102-04. 

Federal Reserve notes are not a true liability in the 
sense that they do not represent a call on the real assets 
of the Federal Reserve System. 
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In an open market purchase of securities, 
the Fed exchanges the Federal Reserve notes 
that it has produced at very low resource 
cost for assets that generate a stream of 
interest payments.* In contrast, open market 
sales involve the trade of income-earning 
securities for non-interest-bearing currency. 
Thus, securities purchases raise the Fed's 
profits while open market sales reduce its 
profits. 

The Fed pays its current operating ex- 
penses out of current interest income, and 
then returns any excess revenue to the 
Treasury. The Fed's operating expenses, 
which are quite similar to those of a typical 
commercial bank, include maintenance and 
depreciation of the premises and equipment 
owned by the Federal Reserve district and 
branch bánks, as well as the offices of the 
Board of Governors; the costs of operating 
an extensive check-clearing network; and: 
member bank supervision costs. In most 
years, the funds turned over to the Treasury 
are a large multiple of the Fed's current 
expenses. 

How well the Fed assists the legislature in 
achieving its political goals depends in part 
on the ability of Congress to monitor its 
agent. In a bureaucratic setting, economic 
theory suggests that the degree to which 
principals can.exercise control óver the be- 
havior of agents is a function of such factors 
as the real prices of technical inputs, includ- 
ing accounting and computer services, and 
political variables such as the size of congres- 
sional staffs or the number of committees 
overseeing the bureau. Of particular impor- 
tance is that the cost of monitoring any given 
bureau will depend on the overall number of 
bureaucratic agents which the principal seeks 
to control. In the case of Congress, we expect 
that the secular growth of government, by 
increasing the number of political margins 
controlled by the legislature, has raised the 
costs of monitoring individual bureaus sub- 
stantially. Moreover, the effect on monitor- 
ing costs of increased numbers of depart- 


4Pesek and Saving observe that “even a moron who 
gets the right to print government currency (Federal 
Reserve notes) and sell it for income-earning assets... is 
bound to show a profit” (p. 407). 

5See any Annual Report of the Board of Governors. 
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FIGURE 1. THE FED's PROFITS-AMENITIES TRADEOFF 


ments, bureaus, and agencies is likely to 
swamp any cost-reducing effects arising from 
lower technical input prices or from im- 
proved technologies for reaching consensus 
among monitors. In this context, it is useful 
to remember that as government has grown 
in size over the modern period, the number 
of legislators/monitors has remained virtu- 
ally fixed. 

As we noted earlier, the Fed's excess in- 
come is turned back to the budget. Such a 
requirement facilitates political equilibrium. 
If, for example, the Fed does not generate 
the appropriate level or pattern of transfers, 
including payments to the Treasury, then at 
least one political margin will fail to clear: a 
particular group's tax bill will be *too high"; 
the gain realized by certain parties to private 
contracts (debtors, for example) will be “too 
large”; a government project will receive “too 
little” funding; and so forth. In that event; 
some congressmen will be revealed to be 
inefficient monitors of the Fed and will be 
replaced with new monitors who are able to 
constrain the central bank to the equilibrium 
level or pattern of transfers. 

The policing problem with respect to the 
Fed is not qualitatively different from that of 
any other principal-agent relation, except that 
the “bottom line" is political survivorship 


rather than profits. In the typical analysis of 
agency problems, it is difficult to obtain 
empirical surrogates for the relevant vari- 
ables. Because of the Fed's profit constraint, 
however, we can formulate a simple agency 
cost model in which variations over time in 
monitoring costs affect, and are revealed in, 
the central bank's use of inputs. 

The tradeoff faced by the Fed in allocating 
its gross income is illustrated in Figure 1. We 
assume that the Board of Governors maxi- 
mizes a utility function which includes as 
arguments the profits earned from open 
market operations and amenities appearing 
on the Fed's income statement as operating 
expenses.° The latter includes goods such as 
salaries, office space, funds for employee 
travel, and other perquisites. In addition, 
salaries of the Governors and other officers 
will depend to some extent on the number of 
workers they supervise. For simplicity, we 
assume that the dollar value of amenities is a 
monotone transformation of Federal Reserve 
System employment. 

Indifference curves labeled 7, and 7, show 
the expense preferences of the Fed's man- 


$We adopt here George Stigler's (1966, p. 73) formu- 
lation of the pioneering work of Armen Alchian and 
Reuben Kessel. 
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agers, that is, the various combinations of 
amenities and profits that yield a given level 
of utility. The rate at which profits can be 
transformed into amenities in the market is 
given by the budget lines By and Bj. 

The opportunity set, By, represents the 
constraint that would prevail if the Congress 
did not require the Fed to return excess 
income to the Treasury. In that case, equi- 
librium would obtain at a point such as P 
where an indifference curve, Ip, is just tan- 
gent to By. Here, the Fed earns profits in the 
amount OE, and purchases 0C amenities with 
foregone profits, AE. 

Now suppose that Congress designates the 
Treasury as residual claimant of the Fed's 
excess income. To the extent that such a 
constraint is effective, the budget line will 
become less steep, indicating that the Fed 
now faces smaller costs for amenities in terms 
of foregone profits. In essence, the constraint 
allows the Federal Reserve System to retain 
profits that are denominated in employees or 
other amenities, but not those denominated 
in dollars. A new equilibrium consequently 
occurs at P^ where J, is tangent to B,. The 
Fed now foregoes FE’ in dollar profits and 
purchases 0C’ amenities. Funds in the 
amount OE’ are turned over to the govern- 
ment's general revenue account.’ Comparing 
this solution to the equilibrium with no con- 
straint on how profits may be allocated, it is 
plain that the Fed buys more noble premises, 
hires more employees, and takes advantage 
of more perquisites than before. 

The comparative statics result depicted in 
the diagram of course depends on the as- 
sumption that amenities are a normal good. 


"The diagram is not intended to show the actual 
relative magnitudes of foregone profits and operating 
expenses. During 1981, the twelve Federal Reserve Banks 
earned $15.51 billion in income, $14.55 billion or 94 
percent of which was attributable to the Fed's portfolio 
of U.S. government securities. After paying their operat- 
ing expenses, contributing $63.16 million to defray the 
expenditures of the Board of Governors, and making 
other accounting adjustments, the banks turned over 
$14.02 billion in profits to the government's general 
revenue account as "interest on Federal Reserve notes." 
For the entire 1915-81 period, the Fed retained on 
average 14 percent of its income, contributing $98.79 
billion to the Treasury out of $115.10 billion in total 
revenucs. 
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In that case, a fall in the price of amenities in 
terms of dollar profits will lead the Fed to 
purchase more of them if the substitution 
effect dominates the income effect. In gen- 
eral, however, the overall effect on the quan- 
tity of amenities is indeterminate a priori. 

Congress certainly recognizes that the 
profit constraint induces the Fed to over- 
purchase amenities, but it will generally not 
pay to eliminate entirely such effects if the 
opportunity cost of monitoring the central 
bank is positive. As we noted before, as the 
size of government grows, a fixed number of 
legislators/monitors must monitor more po- 
litical margins, and the cost of policing any 
individual agency consequently rises. 

Expansionary open market operations en- 
large the Fed's opportunity set, that is, shift 
B, to the right, raising potential profits (and 
therefore potential amenities) for the central 
bank. If the relative prices of profits and 
amenities remain constant over time, each 
successive shift in B, will be parallel to the 
previous budget line. In that case, the Fed's 
"expansion" path would be given by ray 2, 
which lies to the right of the path that would 
be followed by a bank whose choices were 
constrained only by market prices (ray 1). 
On the other hand, rising congressional 
monitoring costs will cause counterclockwise 
rotations in the constraint as the Fed's op- 
portunity set moves to the right. These 
successively flatter budget lines will yield an 
expansion path for amenities, such as ray 3, 
which lies to the right of and below the path 
that would obtain if relative prices remain 
constant. That is, increasingly higher polic- 
ing costs resulting from government growth 
will generate a clear *amenities bias" in the 
Fed's input purchases. 

Figure 1 illustrates two general conse- 
quences of requiring the Fed to turn back its 
excess income to the Treasury. In a timeless 
setting, the constraint changes the relative 
prices of amenities and profits, leading the 
Fed to purchase more amenities if the 
substitution effect dominates the income ef- 
fect. Over time, rising monitoring costs cause 
the Fed's input choices to diverge increas- 
ingly from the path that would be chosen by 
a central bank not operating under the pos- 
tulated conditions. : 
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As expansionary monetary policies enlarge 
the Fed's potential profits-amenities choices, 
the Fed faces higher real costs of operat- 
ing the monetary system. That is, expansions 
in the money supply undoubtedly require 
additional inputs for the purposes of, for 
example, clearing a larger number of checks, 
engaging in a larger number of open market 
transactions, and so forth. Under a fiat 
standard, however, these incremental pro- 
duction costs will be trivial in comparison to 
the nominal value added to the money stock. 
Our model predicts in addition that the Fed 
will tend to purchase more amenities than 
would be justified by cost-minimizing money 
production, that is, to incur “fake” costs. 

That the Fed does not expend all of its 
income, but chooses to return some profits to 
the Treasury, implies a survivorship strategy. 
Our purpose here is not to explain the politi- 
cal constraints that guide such strategies, but 
rather to examine Fed behavior under the 
postulated conditions. Moreover, it is im- 
portant to emphasize that the tendency of 
the Fed to purchase more amenities than 
would a for-profit producer of money is not 
due to the “waste” or lack of efficiency 
sometimes attributed to monopoly, but is in 
addition to such arguments.® Rather, the Fed 
chooses a combination of amenities and pay- 
ments to the Treasury that maximizes its 
utility subject to the profit-confiscating polit- 
ical constraint. . 

'The Fed's incentive to enlarge its purchases 
of amenities conflicts with its mandate to 
promote macroeconomic stability only part 
of the time. When engaging in expansionary 
policies, the Fed can both increase the supply 
of money and increase the size of its 
bureaucracy because the two goals are served 
by open market purchases of securities. In 
contrast, contractionary policies force the 
Fed to lower its profits when it undertakes 
open market sales to reduce the rate of growth 
in money. It is an empirical question whether 
the Fed's concern with the size of its 
bureaucracy is useful in explaining the way 
in which monetary policy is carried out. It is 
to that question that we now turn. 


8On this point, see Stigler (1976). 
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II. Empirical Evidence 


We have outlined a hypothesis which sug- 
gests that the Federal Reserve System may 
operate like a typical bureaucracy. Specifi- 
cally, because the Fed must return excess 
revenues to the Treasury, it has an incentive 
to take a portion of its profits in the form of 
amenities rather than dollars. Since the 
success of bureaucratic organizations is often 
measured by the relative size of staffs, we 
expect the empirical importance of our hy- 
pothesis to be revealed in terms of the num- 
ber of officers and employees in the Federal 
Reserve System, although the Fed's propen- 
sity to enlarge its purchases of amenities 
could take the form of more sumptuous 
offices, larger salaries, or other perquisites.’ 


A. Regression Model 


We estimated the parameters of the fol- 
lowing money supply equation to test the 
predictions of our hypothesis about ameni- 
ties and profits: 


BASE = b, + b, SYSEMP + b, CD 
+b, INT + + b, RGNP 
+ bs TREND + b, TREND? + e. 


The variables are defined as follows: BASE 
is the nominal monetary base; SYSEMP is 
the number of Federal Reserve System em- 
ployees; CD is the actual currency-deposit 
ratio;. INT is the interest rate on prime 
commercial paper of four- to six-months’ 
maturity; RGNP is real Gross National 
Product; TREND is a linear time trend; and 
e is the regression error term. 

The principal prediction of our hypothesis 
is that the sign on SYSEMP will be positive. 
As we noted earlier, the Fed produces money 
and sells it to commercial banks and a small 
group of securities dealers in exchange for 
income-earning assets. Although the defini- 
tion of money is a much-debated concept, 


Gordon Tullock informs us that the “old” Federal 
Reserve Board Building was for many years the building 
in Washington with the highest cost per square foot. 
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there are two principal types in the U.S. 
economy: currency sold by the Fed (Federal 
Reserve notes) and money produced by 
commercial banks in the form of demand 
deposits. The stock of nominal money, re- 
ferred to as M,, is the sum of currency in the 
hands of the public and the dollar value of 
demand deposits outstanding. "° 

The portion of the money supply pro- 
duced by the Fed consists of currency in the 
hands of the public and bank reserves. Fed 
money is referred to as the “monetary base” 

r “high-powered money.” In its simplest 
formulation the relation between M, and the 
monetary base is an identity that depends on 
two ratios. These are the currency-deposit 
ratio which gives the proportion in which the 
public holds the components of M,, and the 
reserve-deposit ratio which measures the 
amount of currency held by banks against 
their outstanding demand deposit liabilities. 

For given values of the two deposit ratios, 
increases in the stock of high-powered mon- 
ey raise M,. Expansionary policies such as 
open market purchases of securities both raise 
the monetary base and increase the Fed’s 
profits. Since higher profits can be used by 
the Fed to purchase more amenities, the sign 
on SYSEMP is predicted to be positive, 
ceteris paribus. 

Our regression equation in other respects 
is a traditional money supply function. Un- 
der the typical assumption that the Fed 
actively pursues a stabilization or control 
function, the monetary authority will use 
macroeconomic data to guide it in deciding 
whether to expand or contract the money 
supply by changing the stock of high-powered 
money. Three monetary indicators suggested 
in the literature are the actual currency- 
deposit ratio, interest rates, and the level of 
real income. 

The sign on CD is predicted to be positive. 
Other things equal, the Fed responds to in- 
creases in the public’s holdings of currency 
relative to demand deposits by expanding 
the monetary base. It does so because in- 
creases in the currency-deposit ratio lead to 
reductions in bank reserves. Since reserves 


10The Fed supplies the nominal base; the real stock 
of money is determined by the public. 
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are the basis on which bank money is sup- 
plied, the lower level of reserves causes a 
contraction in M,. This effect can be offset 
by increasing the supply of high-powered 
money. Thus, if the Fed uses a counter- 
cyclical feedback rule in which a higher cur- 
rency-deposit ratio signals the need for ex- 
pansionary policies, the sign on CD will be 
positive. 

Until quite recently, the Fed used interest 
rates as a monetary control target. Ceteris 
paribus, higher interest rates led the mone- 
tary authority to expand the base in order to 
increase the supply of available credit. Simi- 
larly, a contractionary policy was called for 
whenever the rate of interest reached rela- 
tively low levels. Other things equal, the re- 
gression coefficient on INT should therefore 
be positive. 

Increases in the level of real income will 
lead to expansions in the monetary base if 
the Fed supplies the amount of real balances 
desired by the public. Other things equal, an 
increase in income raises the demand for 
money because at higher income levels in- 
dividuals hold larger money balances to 
finance a greater number of market transac- 
tions. Moreover, raising the stock of high- 
powered money when income increases will 
counteract the tendency for prices to fall. 
The sign on RGNP should therefore be posi- 
tive. 

Finally, a time trend is included to account 
for secular growth in Fed employment. We 
might expect the number of Federal Reserve 
System employees to rise over time as part of 
the increase in the size of government as a 
whole. Such tendencies, which are exogenous 
to the profits-amenities relation, will be cap- 
tured in the coefficient on TREND, whose 
sign is likely to be positive. Squaring the 
trend variable allows for nonlinear growth 
over time. 


B. The Data 


We estimated the regression model using 
data from the Federal Reserve System's An- 
nual Report and from other sources. (The 
basic data are shown in Table 1.) We define 
system employment to include the officers 
and employees of the district and branch 
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TABLE 1 — FEDERAL RESERVE EMPLOYMENT, MONETARY AGGREGATES, GNP, AND COMMERCIAL PAPER RATE 


: Paid Civ. 
‘Empl. of 
Federal 

Year Govt. 


1915 395429 — 


1916 399381 
1917 438500 


1918 834500 -- 
1919 794271 ` 
1920 655265 . 


1921 561142 
1922 543507 
1923. 536900 
1924 - 543484 
1925 553045 
1926 548713 


1927 . 547127 


1928 .. 560772 
1929 579559 
1930 — 601319 
1931 609746 
1932 605496 
1933: — 603587 
1934- — 698649 
1935 780582 
1936 867432 
1937 895993 
1938 882226 
1939 953891 
1940 — 1042420 
1941 — 1437682 
1942 — 2296384 
1943 — 3299414 
1944 — 3332356 
1945 — 3816310 
1946 — 2696529 
1947 2111001 
1948 — 2071009 
1949 — 2102109 
1950 ^ 1960708 
1951 — 2482666 
1952 — 2600612 
1953 — 2558416 
1954 — 2407676 
1955 — 2397309 
1956 — 2398736 
1957 — 2417565 
1958 — 2382491 
1959 — 2382807 
1960 — 2398704 
1961 — 2435804 
1962 — 2514197 
1963 — 2527960 
1964 — 2500503 
1965 2527915 
1966 — 2759019 
1967 3002461 
1968 — 3055212 
1969 — 3076414 
1970 — 2921909 


Empl. of 
Board of 
Governors 


59 

61 

TI 

227 
319* 
' 255° 
'. 249* 
211* 

209 


Empl. of 
Fed. Res. 
Banks 


442 
920 
2985 
T106* 
9459^ 
122854 
12745 
12256f 
119968 
107612 
101268 
102808 
10108 
9989} 
9986" 
96093 
9340) 


10319* : 


12042! 
11706 
11551 
10390 
10385 
10919 
11355 
11640 
14083 
19972 
24741 
24442 
24442 
21430 
19364 
19081 
17967 
17993 
19832 
20011 
20272 
19334 
19134 
19307 
19817 
19307 
19500 
19931 
20023 
20380 
20269 
19468 
18687 
19131 
18996 
19607 
20755 . 
22079 


Demand 


Currency Deposits 


(Sbil.) 


($bil.) 


10.55 
12:53 
14.91 
16.20 
17.77 
19.25 
17.47 
17.98 
18.98 
19.71 
21.70 
22.18 


> 22.2 


22.49 
22.74 
22.03 
19.98 

16.19 

14.82 

17.23 
21.08 
2432 
2532 
24.97 
28.11 
32.89 
38.12 
43.82 
55.89 
64.12 
73.90 
79.98 


Bank 
Reserves 
($bil) 


Mone- 
tary . 
Base 
($bil) 


GNP 
(Sbil.) 


Prime 


Commercial . 


Paper Rate 
(Percent) 


4.01 
3.84 
| 5.07 
6.02 
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TABLE 1 — (Continued) 

Paid Civ. Mone- Prime 

Emplof | Emplof Empl. of Demand Bank tary Commercial 

Federal. Boardof Fed. Res. Currency Deposits Reserves Base GNP Paper Rate 
Year ` Govt. Governors Banks ($bil.) ($bil.) ($bil.) ($bil.)  ($bil) (Percent) 
1971 2862894 1169 22480 : 52.60 176.80 31.33 8393 10776 . 5.11 
1972 2811779 1208 24254 56.90 193.60 31.35 8825 11859 . 4.73 
1973 2765664 1276 26655 ‘61.60 202.50 35.07 96.67 13264 , 8.15 
1974 2893119 1363 27637 67.80 207.40 36.94 104.74 1434.2. - 9.84 
1975 | 2896944 1445 . 26515 73.80 214.10 34.99 108.79 : 15492. 6.32 
1976 2883134 1470 25272 80.60 224.40 35.14 115.74 17180 . 5.34 
1977 2841132 1477 24114 88.60 239.70 36.47 125.07 19180 5.61 
1978 2872851 1477 23373 97.40 253.90 41.57 138.97 ` 2156.1 ` 799 . 
1979 2875872 - 1451 23416 106.10 262.80 43.97 150.07 2413.9 10.91 . . 
1980 2875866 1525 24208 116.10 267.40 40.10 15620 2626.1. .. 12.29 
1981 2895712 1504 23696 123.10 42.01 165.11 14.76 


236.80 2922.2 
Sources: Paid civilian employees of the federal government, 1915-64, from U.S. Department of Commerce, Historical 
' Statistics. The years 1965-81 were taken from U:S. Department of Commerce, Statistical Abstract, various years. 

Employees of Federal Reserve System are listed in Board of Governors of the Federal Reserve System, Annual Report, 
various years. Currency in the hands of the public, demand deposits, and bank reserves, 1915-70, are from Historical 
Statistics; data for 1971—81 are from the Economic Report of the President. Gross National Product, 1915-39, is given 
in Historical Statistics; data for the years 1940—8T are contained in the Economic Report of the President. The implicit 
GNP price deflator was spliced to change the base year from 1958 to 1972: The interest rate on prime commercial 
paper of four- to six-months maturity was taken from Historical Statistics for the years 1915-70, and from the 
Economic Report of the President for 1971-81. ; 

aIncludes 6 part-time employees. 

"Includes 111 detailed currency counters. 

As of December: 

‘Includes 34 detailed employees and 2 part-time employees. 

*Includes 19 detailed employees, as of December. 

‘Includes 3 detailed employees and 1 part-time employee. 

SIncludes 2 detailed employees. 

hIncludes 9 part-time employees. 

‘Includes 10 part-time employees. ‘ 

JExcludes 15 part-time employees paid on an hourly basis. : à 

kExcludes 14 part-time employees paid on an hourly basis. 

Excludes 14 part-time employees and 4 temporary employees paid on an hourly basis, and 3 special. tempórāry 
employees paid on a monthly basis. 

™Estimated, 


banks as well-as those of the Board of 
Governors. The observations are on an an- 
nual basis and cover: the period from 1915 
through 1981. Although the Federal Reserve 
` Act was passed in late 1913, the Fed did not 
officially open its doors for business until the 
fall of 1914; 1915 was the first full year of 
operation for the central bank. ` 

All variables, except for the interest rate 
and time trend, were transformed by taking 
-the natural logarithm of the. observations. 
Initial estimates using ordinary least squares 
indicated significant autocorrelation in the 


residuals. The equation was therefore re- 
estimated using generalized least squares.!! 
We also allowed for feedback effects on 
monetary policy by using the values of the 
currency-deposit ratio and interest rate 
lagged one year. 


NA. C. Harvey (pp. 189-92) discusses the relative 
small-sample efficiency of generalized least squares to 
the Cochrane-Orcutt method when the model contains a 
trending explanatory variable. 
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TABLE 2— REGRESSION RESULTS 
Constant — 1.0233 — 1.0863 — 1.5327 — 1.2860 
LNSEMP 0.1308 0.1503 0.1523 0.1497 
(2.66)*** (3.63)*** (3.03)*** (3.22)*** 
LNCD 0.3357 0.2703 
(3.14)*** (2.73)*** 
LNCD(— 1) 0.3437 02774 
` (2.94)*** (2.54)** 
INT(—1) — 0.0068 — 0.0052 
(—0.75) (—0.54) 
LNRGNP 0.3108 0.2615 0.3757 0.3079 
(1.95)* (1.79)* (2.19)** (1.96)* 
TREND 0.0569 0.0596 0.0537 0.0567 
(6.13)*** (6.38)*** (5.71)*** (6.12)*** 
TREND? — 0.0002 — 0.0002 — 0.0002 — 0.0002 
(~ 1.80)* (—2.07)** (—1.74)* (—2.02)** 
p 0.7657 0.8234 0.7329 0.7939 
R? 0.952 0.940 0.956 0,943 


Notes: Dependent Variable: Natural Logarithm of Nominal Monetary Base, 1915-81. t-values are given in parenthe- 
ses; p is the estimated: autocorrelation coefficient. Asterisks denote significance at the 1 percent (***), 5 percent (**), 


and 10 percent (*) levels. 


C. The Results 


The regression results are given in Table 2. 
The estimated coefficients in column 1 pro- 
vide broad confirmation of the profits-amen- 
ities hypothesis. An increase in the stock of 
high-powered money is strongly associated 
with an increase in the number of employees 
on the Fed’s payroll. The coefficient is statis- 
tically different from zero at the 1 percent 
level. Moreover, the contemporaneous cur- 
rency-deposit ratio has the expected sign and 
is equally significant. An increase in real 
income also leads to expansions in the mone- 
tary base; the coefficient reaches significance 
at the 10 percent level. 

The insignificant coefficient on the interest 
rate variable conflicts with our a priori ex- 
pectations. It is possible that this result ob- 
tains because we have used nominal rather 
than real interest rates, or because money 
demand effects dominate the postulated 
supply relationship. In addition to its role as 
a monetary target, the rate of interest repre- 
sents the opportunity cost of holding money. 
Because individuals must forego the income 
from interest-bearing assets by holding mon- 
ey, other things equal, they reduce their 
money balances as interest rates rise. 


In column 3, the contemporaneous cur- 
rency-deposit ratio is replaced by the value 
of the same variable lagged one year. This 
specification would be appropriate if the Fed 
uses a feedback rule in which this year’s 
monetary base is affected by last year’s cur- 
rency-deposit ratio. Lagged interest rates are 
deleted in column 4. The overall regression 
results seem to be unaffected by this sub- 
stitution. '* 

The models in Table 2 explain 94 percent 
or more of the variation in the monetary 
base. Since we have run the regressions in 
logs, the coefficients can be directly inter- 
preted as elasticities. The coefficient on the 
employment variable, LNSEMP, is about .14, 
indicating that a 1 percent increase in Fed 
employment results in more than a one-tenth 
of 1 percent rise in the monetary base. Over 


We estimated an alternative specification which 
involved including the natural logarithm of the implicit 
price deflator as an explanatory variable. The price 
variable would be appropriate if the Fed uses a feedback 
rule in which higher prices lead to contractionary poli- 
cies, and vice versa. The estimated coefficient on this 
parameter was not significantly different from zero, 
however. In addition, results qualitatively similar to 
those in Table 2 were obtained when percentage er 
in the variables were used. 
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the 1915-81 period, the mean nominal stock 
of high-powered money was $44.7 billion, 
and there were on average 17,328 workers on 
the Fed payroll. Thus, each additional 173 
Fed employees added roughly $62.6 million 
to the monetary base. Put another way, every 
time the Fed hired one more worker, the 
Stock of high-powered money rose by about 
$362,000. Assuming these funds were used to 
purchase securities yielding a 10 percent re- 
turn, the $362,000 would generate a thirty- 
year annuity of $20,745. This appears to be 
about the order of magnitude required to 
support the career of an average Fed em- 
ployee." 


II. Additional Empirical Findings 
A. Relative Fed Growth 


We considered whether the growth of the 
Fed relative to the federal government as a 
whole would explain variations in the mone- 
tary base. Such a formulation would be ap- 
propriate if the central bank’s behavior is 
driven in part by a desire for prestige, which 
Acheson and Chant define as “...the posi- 
tion of the bureau in the social hierarchy of 
government bureaus” (p. 639). To test this 
proposition, we replaced LNSEMP by the 
natural logarithm of the ratio of Fed-employ- 
ment to the total number of paid civilian 
workers in the federal government, LNSYS- 
PCT, and obtained the following results: 


(1) 


LNBASE = —0.4534+ 0.1094LNSYSPCT 
(2.42)** 


+0.3824LNCD + 0.5003LNRGNP 
(3.63)*** (3.13)*** 


+0.0657TREND —0.0004TREND* 
(7.37T)*** (-3.80)*** 


6 = 0.7908; R? = 0.944. 


“Employment at the Board of Governors is highly 
correlated with employment in the district and branch 
banks (r? = 0.804, which is significantly different from 
zero at the 1 percent level). The regression results are 
therefore unaffected by our choice of System employ- 
ment as the input measure. 
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The coefficient on the Fed employment 
ratio is positive and significantly different 
from zero at the 5 percent level. This lower 
significance level is undoubtedly due to the 
tendency of increases in total government 
employment to swamp increases in the num- 
ber of workers on the central bank's payroll. 
However, the overall results are similar to 
those obtained when the absolute number of 
Fed employees is used as an explanatory 
variable. 

The result in equation (1) suggests that 
increases in the base are used to finance 
increases in the Fed's relative bureaucratic 
standing. That is, the employment ratio coef- 
ficient can be interpreted as showing that the 
Fed has been more successful in enlarging its 
employee staff over time than the federal 
government as a whole. 


B. Fed Growth and the Velocity of Money 


We investigated: whether the positive and 
significant coefficient on the employment 
variable could be explained by spurious cor- 
relation arising because LNSEMP was pick- 
ing up changes in the velocity of money. 
Velocity measures the number of times each 
$1 turns over in financing a given level of 
nominal transactions. If more Fed employees 
are required, for example, to clear a larger 
volume of checks during times when velocity 
is relatively high, the estimated base-ameni- 
ties relationship would be misleading. 

Using the logarithm of contemporaneous 
velocity, LNV, as an explanatory variable in 
the regression equation, we obtained the fol- 
lowing results: 


(2 LNBASE = 0.2980 + 0.2384LNSEMP 


(5.19)*** 
+0.1510LNCD— 0.6505LNV 
(1.41) (—3.74)*** 


+0.0386TREND + 0.0003TREND? 
(3.72)*** (1.58) 


6 = 0.7052; R? = 0.967. 


The estimates are quantitatively similar to 
those obtained in the other specifications. 
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TABLE 3— TEST OF CAUSALITY 
Lags 
Constant -2 -1 0 +1 +2 p R? 
Monetary Base Regressed on Past and Future Fed Employment 
0.0493 0.0606 0.1343 0.0102 0.0492 —0.1258 0.4295 0.226 
(1.02) (1.89)* (0.14) (0.41) (— 1.04) 
0.0481 0.0782 0.1245 — 0.0029 0.4284 0.211 
(1.39) (1.81)* (— 0.04) 
Fed Employment Regressed on Past and Future Monetary Base 
— 0.0601 0.1942 0.3236 0.3093 0.8119 0.0027 0.2619 0.307 
(0.80) (1.27) (1.21) (3.13)*** (0.01) 
— 0.0359 0.3248 0.3362 0.5209 0.2042 0.192 
(1.26) (1.20) (1.93)* 


Notes: See Table 2. 


The negative sign on LNY is consistent with 
a countercyclical feedback rule of the follow- 
ing form— other things equal, a rise in veloc- 
ity lowers the public's demand for money 
because a higher turnover rate implies that 
each $1 finances a higher proportion of 
transactions. Contractions in the monetary 
base will counteract the tendency for prices 
to rise as velocity increases. 

The results obtained here as well as those 
in equation (1) suggest that Fed employment 
has not risen merely because more people are 
required to supervise larger money stocks. 
On the contrary, the bureaucratic aspects of 
Fed behavior appear to be powerful enough 
to overcome the substantial scale economies 
in fiat money production.'^ 


C. Test of Causality 


A third important issue is whether an in- 
crease in Fed employment leads to expan- 
sions in the monetary base or, alternatively, 
changes in the stock of high-powered money 
result in changes in the number of em- 
ployees. To answer this question, we per- 


14The results are also consistent with Friedman's (p. 
113) contention of bond market “churning.” He ob- 
serves that in 1980 the Fed's $800 billion of open 
market purchases led to a net change of only $4.5 billion 
in the bank's securities portfolio. Such an "excessive" 
number of transactions may result from an excessive 
number of securities traders. 


formed the test of causality suggested by 
C. W.J. Granger and later formalized by 
Christopher Sims. 

After detrending the data by taking first 
differences of the logged observations, Sims’ 
test involves estimating two-sided distributed 
lag regressions. For the hypothesis that there 
is no feedback .from current changes in the 
monetary base to future Fed employment, 
one regresses the current monetary base on 
past, contemporaneous, and future employ- 
ment figures. For the reverse hypothesis that 
there is no feedback from current employ- 
ment levels to future base changes, this year’s 
change in employment is regressed on past 
and future money. 

The results are reported in Table 3. For 
each dependent variable, one regression in- 
cludes two future and two past values of the 
right-hand side variable; the other regression 
omits the leading lags. In the first row, the 
small and insignificant coefficients on future 
changes in employment do not lead one to 
reject the null hypothesis that money does 
not cause employment in the sense of 
Granger. Moreover, comparing the overall 
results with those in row 2, the relevant 
F-statistic implies that the coefficients on the 
future values of employment are zero.? 


'SLet K denote the number of independent variables 
in the regression equation, which omits the leading 
values, and Q the number of right-hand-side arguments 
for the full expression. If the added variables (Q > K) 
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Ín contrast, the results in rows 3 and 4 are 
consistent with the hypothesis that employ- 
ment causes money. The coefficient on the 
one-year-ahead money value is significantly 
different from zero and is absolutely larger 
than the coefficients on the lagged money 
variables. Moreover, the calculated F is 4.65, 
which exceeds the critical value at the 5 
percent level. 

We conclude that the appropriate regres- 
sion specification is one in which the mone- 
tary base is the dependent variable. That is, 
‘employment belongs in the money supply 
equation; the base does not belong in an 
input demand function. This result pro- 
vides further support for the notion that 
bureaucratic incentives drive the money 
supply process and contradict the alternative 
view that increases in the base result in more 
employee hiring for the purpose of handling 
larger numbers of accounting entries. '° 


are not relevant in explaining variations in the depen- 
dent variable, then differences in the regression sums of 
Squares would be attributable to sampling error. The 
test statistic has the following form: 


where n is the number of observations. For the first 
regression pair, R? rises trivially when the leading em- 
ployment values are added. The two variables do not 
therefore contribute significantly to the equation's ex- 
planatory value. 

'6We also estimated all regression specifications aug- 
mented by a dummy variable that took on the value of 
unity for the years 1934-81, and zero otherwise. The 
dummy variable was employed to account for a possible 
effect connected with repeal in 1933 of the requirement 
that the Fed pay half of its yearly net earnings to the 
Treasury. Prior to this change, which Toma describes as 
a quid pro quo for creation of the Federal Deposit 
Insurance Corporation, the Board of Governors was 
funded through the normal congressional budgetary 
process. The member banks paid their own way, how- 
ever, and because the turnover requirement was ex- 
pressed in terms of net earnings, it is not entirely clear a 
priori how this constraint might have affected the 
base-amenities relation. However, the results invariably 
showed a positive and significant coefficient on the 
dummy variable with no change in either the magnitude 
or significance of other coefficients. This suggests that 
removal of the half-yearly-net-earnings turnover require- 
ment led to greater monetary expansionism, without 
affecting the Fed's amenities bias. If anything, the bias 
was strengthened in the sense that the coefficient on the 
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D. Implications 


In Section I, we noted that Fed employ- 
ment contains both “real” and “fake” com- 
ponents, the latter representing that portion 
of the payroll not justified by cost-minimiz- 
ing money production. The theory also pre- 
dicted that the postulated budget constraint 
would lead the Fed to over-purchase ameni- 
ties (and therefore have a flatter expansion 
path) relative to a for-profit central bank. 
The empirical discussion has focused on the 
strong employment effect in the data with- 
out showing that the Fed's profit-amenities 
choices are different from those of the 
for-profit benchmark. 

We have reported three pieces of evidence 
which. are consistent with our theory. First, 
the positive base-employment relationship 
was not weakened by including velocity 
(transactions per dollar) as an explanatory 
variable. This result indicated that Fed em- 
ployment rose by more than the amount 
required to perform the additional account- 
ing work arising from increased velocity. 
Second, the causality tests implied that Fed 
employment properly appears in the money 
supply function, and not vice versa. People 
cause money; money does not cause people. 
Third, we found that growth of central bank 
employment relative to the federal govern- 
ment as a whole was associated with increases 
in the base. It is difficult to explain any of 
these results on the basis of hypotheses other 
than bureaucratic expansionism, given the 
very large scale economies in fiat money 
production. 

As a fourth element of support for the 
bureaucratic hypothesis, consider the plot of 
the Fed's actual *expansion" path in Figure 
2. The amount of real current profits appears 
on the vertical axis; contemporaneous real 
expenditures are on the horizontal axis. The 
data include the central bank's current in- 
come from all sources, the bulk of which 
arises from open market operations, and all 
current expenses, that is, both real and fake 


Fed employment ratio in equation (1) was significant at 
the 1 percent level when the dummy variable was in- 
cluded. 
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Profits 


Amenities 


FIGURE 2. THE Fep’s ACTUAL “EXPANSION” PATH 


costs. In a given year, the sum of the two 
figures represents the Fed’s gross income. 

At low values of the two variables, the 
expansion path is virtually horizontal, indi- 
cating that during the early years of its ex- 
istence the Fed expensed a large proportion 
of its income. Until the end of the 1930’s the 
Fed turned back roughly one-third to one- 
half of its annual securities portfolio income 
to the Treasury. In later years, the expansion 
path moves slowly upward and to the right, 
showing a strong amenities bias that is con- 
sistent with our theory. The Fed’s actual 
expansion path appears remarkably similar 
to ray 3 in Figure 1, and is clearly not the 
type of path one would expect with, for 
example, substantial economies of scale in 
fiat money production. 


IV. Concluding Remarks 


In this paper we have presented evidence 
of a positive and statistically significant rela- 
tionship between changes in the size of the 
Fed and changes in the nominal stock of 
high-powered money. This result suggests 
that the Federal Reserve System may func- 
tion like a typical bureaucracy. That is, the 
Fed seems to adjust to the requirement that 
it return its profits to the Treasury by aug- 
menting the number of employees on its 
payroll. 
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The employment effect that we have iden- 
tified in the data is not a substitute for more 
traditional money supply theories, but serves 
as an additional determinant of the stock of 
high-powered money in the economy. In par- 
ticular, our findings provide an explanation 
for what Friedman refers to as the Fed's 
*. extraordinary record of bureaucratic in- 
ertia, of mistakes that have not been cor- 
rected despite their widespread recognition" 
(p. 114). In the words of Acheson and Chant, 
* frequently such policy failures are judged as 
aberrations or are ascribed to ignorance or 
bad judgment" (p. 640). Our results suggest, 
however, that the employment effect may 
partially explain why the Fed has apparently 
been more willing to engage in expansionary 
than in contractionary monetary policies. As 
we noted earlier, contractionary open market 
operations reduce the Fed's profits and 
therefore diminish the funds available for 
hiring. That such a tendency exists is a con- 
sequence of having a monopoly supplier of 
money whose profits are confiscated by the 
Treasury. Competition would certainly miti- 
gate the incentive for money producers to 
overinvest in amenities. However, the current 
monetary system may provide benefits which 
balance the costs associated with the use of 
money stock expansions to finance central 
bank employment. Our paper does not ad- 
dress such issues. 
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Limited Information, Credit Rationing, and Optimal 
Government Lending Policy 


By BRUCE SMITH* 


A great deal of attention has been devoted 
to the phenomenon of credit rationing, in 
large part because a channel through which 
monetary policy can conceivably operate is 
the relaxation of this rationing. Surprisingly, 
however, the literature devoted to the micro- 
economic foundations of credit rationing has 
analyzed this phenomenon in models insuffi- 
ciently rich to allow for policy analysis.! 

This: paper attempts an analysis, in a sim- 
ple general equilibrium framework, of policy 
in the presence of credit rationing. The anal- 
ysis proceeds in the context of an “informa- 
tional” model of credit rationing along the 
lines of Dwight Jaffee and Thomas Russell 
(1976), but in a model sufficient to allow for 
money and an evaluation of .government 
policies. The primary result which emerges is 
that, under fairly plausible circumstances, 
the government should lend as much as is 
demanded at some appropriately set rate of 
interest. At the level of abstraction of the 
paper, this may be interpreted as an argu- 
ment that the government should operate a 
continuously open and unrestricted discount 
window. Moreover, while such an argument 
is reminiscent of the real bills doctrine, it is 
in fact stronger, since it suggests unrestricted 
lending to “risky” borrowers. Finally, in 
contrast to textbook treatments of the use of 
the discount window, it will be seen that in 
the presence of credit rationing, such a policy 
can be deflationary. 

Under the policy suggested, the govern- 
ment lends enough to meet excess demand 


*Federal Reserve Bank of Minneapolis. The views 
expressed herein are solely my own and do not neces- 
sarily represent the views of the Federal Reserve Bank 
of Minneapolis or the Federal Reserve System. I thank 
Art Rolnick and an anonymous referee for their com- 
ments on an earlier version of this paper. 

Robert Barro (1976), Joel Fried and Peter Howitt 
(1980), Dwight Jaffee and Thomas Russell (1976), 
Vernon Smith (1972), Joseph Stiglitz and Andrew Weiss 
(1981). 
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for credit at the prevailing market rate of 
interest. Nevertheless, it will be seen that 
under this policy there continues to be “ra- 
tioning” in private credit markets. Moreover, 
the rate of interest which is charged in private 
credit markets is determined entirely by the 
rate charged by the government and the elas- 
ticity of credit supply with respect to 
the interest rate. This focuses discussion of 
the impact of further government actions on 
private market rates of interest and credit 
volume, since any such impact must occur 
through the alteration of this elasticity. A 
policy, monetary or otherwise, which does 
not affect this elasticity will be irrelevant 
insofar as the amount of credit offered is 
concerned. 

Finally, as something of a by-product, the 
analysis will be seen to permit statements (on 
a case-by-case basis) regarding the optimal 
structure of credit markets. In particular, the 
following possibility will be demonstrated: in 
a credit market with asymmetric information 
on the part of borrowers and lenders, the 
monopolistic issue of liabilities, along with 
an open discount window, may be Pareto 
superior to the competitive equilibrium. In 
short, the analysis offers a rationale for the 
restriction of entry into the activity of issuing 
liabilities (given that a particular policy will 
be followed by the government). Such re- 
striction innately gives rise to credit ration- 
ing, since it tends to restrict the supply of 
liabilities relative to that which would arise 
in a competitive credit market. However, in 
contrast to the suggestions of Jaffee and 
Russell (and others), this rationing is not 
desirable in and of itself, and should be 
eliminated through use of the discount 
window. 

Stated succinctly, the results are as fol- 
lows: 

1) Under relatively unrestrictive condi- 
tions, it is welfare improving (except possibly 
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for the initial old generation in the model) 
for the government to meet all excess de- 
mand for credit at prevailing market rates of 
interest. 

2) This open lending policy can be 
deflationary. 

3) Under such a policy, private market 
rates of interest depend only on the rate of 
interest charged by the government and the 
elasticity of credit supply with respect to 
interest rates. 

4) Given that this policy is to be fol- 
lowed, monopoly issue of liabilities can be 
Pareto superior to competition in the is- 
suance of liabilities. 

The format of the paper is as follows. 
Section I discusses the Jaffee-Russell model 
of credit rationing as motivation for the defi- 
nition of a credit rationed equilibrium. Sec- 
tion II presents the model employed, and 
considers its competitive and credit rationed 
equilibria. Section III discusses government 
lending policies and their welfare properties. 
It also demonstrates that under the policy 
suggested above, the equilibrium interest rate 
attained in the private credit market will 
depend only on supply elasticities. Finally, 
the possibility that an open discount window 
is deflationary and that monopoly issue of 
liabilities is desirable is demonstrated. 


I. Background 


A large literature considers possible moti- 
vations for the existence of credit rationing. 
Here I focus on a subset of this literature 
which provides a motive for credit rationing 
based on limited, asymmetric information on 
the parts of borrowers and lenders. In this 
section I briefly discuss the model of this 
phenomenon produced by Jaffee and Rus- 
sell. This presentation will motivate the defi- 
nition employed throughout of a credit ra- 
tioned equilibrium. 

In the Jaffee-Russell (hereafter, J-R) mod- 
el, there exist three broad groups of agents: 
lenders; safe borrowers; and risky borrowers. 
Safe borrowers never default on loans, 
whereas risky borrowers default with positive 
probability. To simplify matters, it will be 
assumed that this probability increases with 
the volume of lending. Lenders are assumed 
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to be unable to distinguish ex. ante between 
safe and risky borrowers unless their eco- 


: nomic behavior differs. Lenders are also ex- 


pected profit maximizers who incur no trans- 
actions costs. Moreover, there is free entry 
into lending. Hence the condition defining 
credit supply is a zero profit condition. 

It is an assumption of the J-R analysis that 
risky borrowers will wish to mimic safe bor- 
rowers to obtain more favorable rates of 
interest.? Under this assumption there is only 
a single credit market, and the supply curve 
of credit in the market is upward sloping. 
This is because as loan sizes increase, the 
probability of default ex ante increases for 
each loan (since safe and risky borrowers are 
indistinguishable ex ante), and hence interest 
rates must rise to make expected profits zexo. 

The situation in the credit market is de- 
picted in Figure 1. The projection of the 
Lagrangian for safe borrowers into this space 
is the indifference curve I, which attains a 
maximum as a function of loan size where it 
intersects the loan demand schedule. Point C 
is the competitive equilibrium position in 
this market. 

The motivation for credit rationing in this 
setting is to note that, given the implied 
departure from an Arrow-Debreu setting, the . 
exercise of monopoly and/or monopsony 
power can be Pareto improving.’ To see this, 
consider point E in Figure 1. At point E, 
safe borrowers are as well off as at the 
competitive equilibrium and lenders make 
positive expected profit. In fact, any point in 
the region CED represents a joint improve- 
ment for safe borrowers and lenders. Under 
restrictions on the preferences of risky bor- 
rowers, their welfare will also be improved 
by movement away from the competitive 
equilibrium. 

With free entry into lending, it is true that 
a point like E cannot be an equilibrium. The 
J-R argument is then, that at any point other 
than M, where an indifference curve is tan- 
gent to the supply curve, it is possible for 
some lenders to offer borrowers an interest 
rate-loan package which they prefer to the 
package offered by other lenders, and which 


?]n fact, this represents a restriction on preferences. 
3See, for example, Peter Diamond (1980). 
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makes positive expected profit. Thus, only M 
leaves no incentive for some lenders to offer 
a different interest rate-loan package, and 
hence M is the equilibrium of a particular 
game. 

To motivate the definition employed be- 
low of a credit rationed equilibrium, I note 
the following. First, at the interest rate R y, 
notional demand exceeds credit supply. 
Hence there is credit rationing in this equi- 
librium. Second, the claim made is that a 
credit rationed equilibrium occurs where safe 
borrowers' indifference curves are tangent to 
the offer curves of lenders. This is simply the 
monopsonistic equilibrium for this market, 
which motivates the definition of a credit 
rationed equilibrium employed below.^ 

Prior to concluding this section, more 
should be said about this notion of a credit 
rationed equilibrium. In particular, it could 
be argued with some validity that the coinci- 
dence of a credit rationed equilibrium with 
the monopsonistic equilibrium is something 


^Note that the J-R argument is that banks do not 
lend as much as borrowers demand at prevailing interest 
rates so as to replicate the monopsonistic equilibrium 
outcome in credit markets. While it is difficult to accept 
this as an explanation of real world credit rationing, this 
is a commonly accepted rationale for its existence. Hence 
we proceed along these lines. 
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of an artifact of the J-R model. However, 
this is not to say that the monopsonistic 
equilibrium is not of interest. It is, in fact, of 
interest in its own right, since as will be seen, 
under appropriate government policies this 
equilibrium can be Pareto superior to the 
competitive equilibrium in a fairly general 
credit market. Moreover, the monopsonistic 
equilibrium features borrowers who would 
like to obtain more credit than they can at 
the market rate of interest; that is, it gener- 
ates credit rationing as an outcome. Thus, 
either as an extension of the J-R analysis, or 
as an equilibrium concept of interest in its 
own right, I focus below on monopsonistic 
equilibria as a source of credit rationing. 


II. The Model and Its Equilibria 
A. Specification 


Let us consider a model sufficiently rich to 
permit a welfare analysis of government 
policies in the presence of credit rationing. 
To this end, I present a model in the spirit of 
Section I, but which is enhanced in several 
respects. The economy considered exists in a 
discrete time world with time indexed by 
t=0,1,.... This economy is populated by a 
sequence of two-period lived, overlapping 
generations, and an initial old generation at 
t = 0. There is a single nonstorable consump- 
tion good at each date, as well as a fixed (for 
all time) stock of money, M. Consumption 
loans are also permitted between agents. 
Throughout, attention will be confined to 
equilibria in which fiat money has value. 

With the possible exception of the initial 
old, each generation consists of three types 
of agents, indexed by i=1,2,3. Given our 
assumptions on endowment patterns, type 1 
agents lend (and hold money), type 2 agents 
borrow and never default, and type 3 agents 
borrow and default with positive probability. 
Type i agents have preferences described by 
the twice-continuously differentiable, strictly 
concave utility functions U((C,, C5), with 
U( ) strictly i increasing in each argument at 
every point in the consumption set, 912. The 
arguments of U, are consumption when y young 
and old, respectively. Notation will not be 
required for the consumption of different 
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agents, for the dating of consumption, or for 
consumption in alternate states of nature. 
Endowment streams are as follows: type 1 
agents have endowment b of the consump- 
tion good when young, and zero when old; 
type i agents (i = 2,3) have zero endowments 
when young. Type 2 agents have endowment 
w, when old (with certainty). Type 3 agents 
have endowment w, > 0 when old with prob- 
ability p, and endowment zero (so that they 
default on loans) with probability 1— p. If 
agents receive positive endowments when old, 
they do not default on loans. Agents have no 
endowments of either money or consumption 
loans, except that the initial old are endowed 
at t= 0 with the entire money stock. 
Consumption loans are made and repaid 
in the consumption good, which is chosen 
as the numeraire. Money trades for the 
consumption good at rate S, at time 
t. Throughout I restrict consideration to 
steady-state equilibria and hence often omit 
subscripts on S. If lenders can distinguish 
between safe and risky borrowers, tlien I 
denote loans to safe borrowers by x}, and to 
risky borrowers by x,. Safe borrowers repay 
amount R,x, when old if they borrow x, 
and risky borrowers repay R,x, if they do 
not default. If lenders cannot make this dis- 
tinction ex ante, then I denote loans to both 
types of borrowers by x, and agents repay 
amount Rx if they do not default. Finally, 
for notational convenience, it is assumed that 
each generation (except possibly the initial 
old) consists of a single agent of each type. 


B. Competitive Equilibrium 


We are now ready to define two competi- 
tive equilibria for this economy (two due to 
the nature of the informational asymmetry in 
the model). Let us begin with a discussion of 
this asymmetry, and motivate in this way the 
two types of competitive equilibria. 

Note first that when young, type 2 and 3 
agents have identical endowments, and in 
terms of currently realized states of nature 
appear identical prior to making any eco- 
nomic decisions. Hence, assume that type 1 
agents cannot distinguish between young type 
2 and type 3 agents unless their economic 
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decisions differ. (Each agent knows his own 
future endowment as a function of future 
states of nature.) Since agents are dis- 
tinguishable when young only through their 
behavior, agents with i = 3 may choose either 
to reveal or not to reveal their type. If they 
choose not to reveal, they must mimic the 
behavior of type 2 agents. Hence there are 
two possibilities as regards competitive equi- 
libria; these may be either revealing or non- 
revealing as regards each agent's default 
probability. 

We are now ready to define a full-informa- 
tion (revealing) and a limited-information 
(nonrevealing) competitive equilibrium. As 
attention is confined to steady states, defini- 
tions need not be stated in terms of se- 
quences of values. The definitions here differ 
from standard definitions of competitive 
equilibrium, and from the Jaffee-Russell def- 
inition, because in equilibrium, type 3 agents 
either reveal their indices through their ac- 
tions or not. If these agents choose to reveal 
themselves, or not to reveal themselves, we 
require this choice to be incentive compatible 
with actual outcomes. This adds an addi- 
tional condition to the definitions of equi- 
librium. i 


DEFINITION: A full-information (steady- ` 
state) competitive equilibrium ( FIE) is a set 
of consumption pairs (C,, C,) for agents i= 
1,2,3, a pair (R,, R3), a pair (xy, x4) with 
x, ** x5, and a value S > 0 such that 


(i) for type 1 agents (Cj, Cz, xi, x4, M) solves 
max EU,(C,, C) subject to C, <b-— xi- x, 
—SM; C, < Rx; t Rax, SM in nonde- 
fault states, and C, < Rjx, + SM in default 
states, where E is the expectations operator, 
with expectations taken with respect to the 
objective probability of default. 


. (ii) For type 2 agents (Cj, C, xj) solves 


max U,(C,,C,) subject to Cy & xy; C, & m — 
v 


(iii) for agents with i=3 (C,, C), x2) solves 
max EU,(C,, C5) subject to C, < x43; C, <w 
— R4x, in nondefault states and C,=0 in 
default states. 
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(iv) The values R,, R, and S imply that loan 
and money markets clear. 


(v) Incentive compatibility: 
pU (x, w, — Rax;)* (1— p)U;(x2,0) 
> pU (xy w - Ryxi)* (1- p)U 5,0). 


This is simply the (parameter contingent) 
competitive equilibrium of Edward Prescott 
and Robert Townsend (1981), or of my earlier 


paper. 


DEFINITION: A limited information (steady- 
state) competitive equilibrium, or LIE, is a set 
of pairs (C,,C,) for each type of agent, a pair 
(R, x), and a value S > 0 such that 


(vi) for agents with i =1, (C,, C,, x, M) solves 
max EU,(C,,C,) subject to C, &b—-2x— 
SM, C, <2.Rx + SM in nondefault states, and 
C; < Rx + SM in default states; 


(vii) for agents with i= 2, (Cy, Cj, x) solves 
max U,(C,, C;) subject to C, & x, C, « w,— 


(vii) ^ pU,(x,w,— Rx) (1— p)U,(x,0) 
> pU (x, w, — R5x;) (1- p)U,(x,,0), 


(iv^) the values of R and S imply loan and 
money market clearing. 


Condition (viii) requires that if type 3 
agents choose not to reveal their indices, 
then they must prefer the LIE outcome to 
the outcome which obtains if they do reveal 
their indices. If there are multiple values of 
R, and x, satisfying (/)—(iii) and (iv), (viii) 
should be taken to hold for any of these 
values. This definition, then, is simply the 
J-R competitive equilibrium, with an incen- 
tive compatibility condition added. 

Before proceeding, it is useful to clarify 
the relationship between these definitions of 
equilibrium and the standard definitions of 
equilibrium employed (for instance) in the 
insurance literature. In keeping with the 
Rothschild-Stiglitz (1976) notion of equi- 
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librium, we might think of some agents offer- 
ing loan-interest rate pairs.) If it is possible 
for lenders to distinguish safe from risky 
borrowers, they offer distinct interest rate- 
loan combinations. If not, these agents offer 
a single such pair. However, in contrast to 
the Rothschild-Stiglitz definition of equilib- 
rium, we require any interest rate-loan pair 
offered to be market clearing at the stated 
interest rate. Relative to the Rothschild- 
Stiglitz definition (where any price-quantity 
pair can be offered), this makes it more 
difficult for a revealing equilibrium to exist, 
and less difficult for a nonrevealing equi- 
librium to exist. As we wish to consider 
nonrevealing equilibria (in keeping with the 
J-R analysis), some such modification of the 
equilibrium concept is required, with the def- 
inition above being perhaps the simplest one. 


C. Existence of Equilibrium 


In keeping with the J-R model of credit 
rationing, attention will be confined to LIEs. 
Hence it is required that equilibria satisfy, 
among other conditions, condition (viii). 
This requirement implies that a LIE (and, in 
general any competitive equilibrium) need 
not exist under normal regularity assump- 
tions. Therefore, I establish that the concept 
of a LIE is nonvacuous by means of an 
example. (Moreover, the example also estab- 
lishes that there exist economies with a LIE, 
and with no competing FIEs.) 


Example 1: Let preferences be given by 
U, B C, + dC, —($/2( GY 
U, =InC,+n(1+C,) 
U,=nC,+in(i+C), 

with d= 2, m =7, w, =5, p=1/2, and ¢= 


1/10. As long as it is chosen to guarantee 
feasibility, the value of b is immaterial. 


5For a more formal definition of FJEs and LIEs 
along these lines, see my earlier paper. 
®See my earlier paper. 
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Let us first establish that this economy has 
no FIE, steady state or otherwise. (In fact, 
revelation of type is impossible at any date.) 
Given the set of preferences above, condition 
(o) is 


1+w, 1+w, 
in| ZR, J+ pin| +o —| y J 


1+ w, 1+ w, 
«nee enis Lp J. 


For our parameter values, this condition re- 
duces to R, < R,. Since type 1 agents are 
risk averse, this is impossible in equilibrium. 
Hence this economy has no FIE. However, it 
is readily verified that a LIE does exist for 
this economy. This has R=10/7, x —2.8, 
and S,— 4/M. Note that the levels of ex- 
pected utility attained in this equilibrium are 
EU, — b - 5.2, EU, = 2.416, and EU, = 1.376. 

It is the case, then, that there exist econo- 
mies with no FIEs, and for which the con- 
cept of a LIE is nonvacuous. I now proceed 
in defining a credit rationed equilibrium. 











D. Credit Rationed Equilibria 


The definition of a credit rationed equi- 
librium is motivated by recalling that the J-R 
credit rationed equilibrium is the limited- 
information monopsonistic equilibrium for 
their economy. Only a limited-information 
equilibrium is defined here for reasons dis- 
cussed below. 

Denote the optimal choice of x for type 1 
agents at any given set of prices by 
x*((S,,,)/S,, R, b) = x,(R, b), since our 
focus on steady states implies 5,,,/5, — 1. 
Then 


DEFINITION: A limited-information (steady- 
state) monopsonistic equilibrium (LIME), or 
credit rationed equilibrium, satisfies conditions 


(vi), (viii), 


(ix) the 4-tuple (C,, C,, x, R) for type 2 agents 
solves max U,(C,, C) subject to C, < x; C, < 
w, — Rx; x ^ x,(R, b), 


(x) the value S clears the money market. 
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The reason for defining only a limited 
information version of this equilibrium is as 
follows. The Jaffee-Russell analysis is such ` 
that only the monopsony power of type 2 
agents is relevant. I maintain a version of 
this by assuming that only type 2 agents can 
exercise monopsony power.’ Given this as- 
sumption, there is no full-information mo- 
nopsonistic equilibrium, (or more precisely, 
any such equilibrium is a FIE). This is be- 
cause, with full information, money holdings 
are a perfect substitute for loans to type 2 
agents in the portfolios of type 1 agents. 
Hence safe borrowers face a perfectly elastic 
supply curve of credit and have no monop- 
sony power. Therefore, the relevant interest 
rate in the incentive compatibility constraint 
is the full-information rate of interest R,, 
which appears in (viii). 


E. Existence of a LIME 


In general, a LIME need not exist for 
either of two reasons. One is the conven- 
tional reason for nonexistence of monopolis- 
tic /monopsonistic equilibria: reaction. corre- 
spondences need not. be convex valued. The 
second is that just as a competitive equi- 
librium need not exist as a result of imposing 
the incentive compatibility conditions, this 
may result in nonexistence of a monopsonis- 
tic equilibrium as well. Given that a LIME 
need not exist, the remainder of this section 
is devoted to demonstrating that the notion 
of a LIME is nonvacuous. This is done by 
means of an example. 


Example 2: Preferences and parameter val- 
ues are as for example 1. For convenience, 
note that 
R-2 
x,(R,b)= (Lt p) 2 
(1— p)poR 


for this example, and that 


Dgx,(R,b) = (1— p)peR[4- (1* p)R] 
x[(1- p)pon?] >, 


"Even in the J-R analysis this is an implicit assump- 
tion. Otherwise there would be no need for limited 
information as a rationale for credit rationing. More- 
over, the full-information monopsonistic equilibrium is 
of no particular interest. This is discussed further below. 


VOL. 73 NO. 3 


where D, denotes differentiation with re- 
spect to R. The supply curve of credit is 
upward sloping so long as R « 4/(1- p), 
which is the relevant range for this example. 
It is also the case that over the range where 
the supply curve is upward sloping, it is a 
strictly concave function of R, so that sec- 
ond-order conditions for the problem (ix) 
are satisfied for this example. 

It is tedious but straightforward to verify 
that the values of R and x satisfying (ix) are 
R =1.425 < (10/7), and x= 2.709. Since 
10/7 is approximately 1.429, for this exam- 
ple credit rationing results in about a 1 per- 
cent reduction in the interest rate (R — 1). 
Finaly, we must verify that the incentive 
compatibility condition (viii) is satisfied. 
Note that if pR, —1, then loans to type 3 
agents under full information have equal ex- 
pected return to the holding of money, or 
safe loans. Hence, since type 1 agents are 
risk averse, (1/p) represents a lower bound 
for R,. Then 


pU (x4, E R5x4)4 (1— p)U,(x2,0) 
P: 
< pU (sv, - 2) (1 pu) 


= In4— In24 (1/2) In2 1.04 
«1.371 = In (2.709) +(1/2) In (6 — 3.86) 
=Inx + pin(1+w,— Rx). 


This verifies that type 3 agents do prefer not 
revealing themselves to revelation, so the 
LIME is incentive compatible, and S,= 
(4.21/M)Vt>0, R=1.425 is, in fact, a 
LIME. 

Note that the levels of expected utility 
attained under the LIME are EU,=b+ 
5.186, EU, = 2.418, and EU, =1.377. Thus, 
the LIE and the LIME are not Pareto com- 
parable. 

Having established that the concept of a 
LIME is nonvacuous, we may now consider 
government policies for economies where a 
LIME exists. 


III. Policy 


In this section, it is demonstrated that 
under plausible circumstances, it is welfare 
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improving for all agents (except possibly the 
initial old) if the government meets all excess 
demand for credit at prevailing market inter- 
est rates. This is true despite the fact that it 
involves operating an open “discount win- 
dow" for risky borrowers. In addition, it is 
demonstrated that this policy has the effect 
of making free-market interest rates (and 
credit volume) invariant to anything other 
than the elasticity of credit supply with re- 
spect to the rate of interest. Finally, it will be 
seen that this policy may be deflationary, 
and that in its presence, the monopoly issue 
of liabilities may be Pareto superior to their 
competitive issue. 

The scheme of the section is as follows. 
Part A establishes sufficient conditions for 
the desirability of this policy under the as- 
sumption that a LIME exists before and 
after its implementation. Part B establishes 
the invariance argument for interest rates 
under the same assumption. Part C estab- 
lishes that these results are nonvacuous, that 
is, that an equilibrium can exist under this 
policy. It also presents the possibility of de- 
flation and of desirable monopoly-liability 
issue under the policy. 


A. Government Lending 


Here it is established that the following 
policy improves the welfare of all (but possi- 
bly the initial old) agents under fairly general 
circumstances: (a) the government lends as 
much as agents desire to borrow at the LIME 
interest rate R*. (b) This policy is financed 
by appropriate lump sum taxes-cum-trans- 
fers T,(s) on agent i in state s (s is the 
nondefault state, s=1 the default state) 
which balance the government budget in each 
state and period. 

This intervention by the government will 
alter the equilibrium which obtains. There- 
fore an additional definition is required. 


DEFINITION: 4 post-intervention LIME is 
an array of pairs (C,, Cj), a pair (R, $), anda 
value S satisfying 


(xi) for type 1 agents the 4-tuple 
(Ci; G,, x, SM) solves max EU,(C,, C5) sub- 
ject to C, « bt T, -2x - SM; C, x2Rx* 
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SM; s =0, C, < Rx + SM; s —1, T, paramet- 
ric. i 


Denote the solution for x by 
x=x (R,b+T,). 


(xii) For type 2 agents the 4-tuple 
(Ci, Cy, &, Ê) solves max EU,(C,, C3) subject 
to Cu & £; G(s) < m — R*X+(R*- R)x,+ 
T,(s); s=0,1; x, =x,(R, b+T,); T,(s) 
parametric, s = 0, 1. 


(xiii) pU,[%,w, — R*£ + (R*— R)x, + T;]- 
(1— p)U($,0) > pU(x),w, — Rax + T) 
(1— p)U,(x5,0), where R, and x; are to be 
understood as values satisfying (i)—(iii) and 
(v), given the values T;(s). 


(xiv) The value S clears the money market. 


In short, type 2 agents borrow as much as 
desired in private credit markets, exploiting 
their monopsony power in the process. They 
then borrow the difference between this 
quantity and their notional demand from the 
government at the interest rate R*. Type 3 
agents mimic the actions of type 2 agents in 
each case. 

The primary result is as follows: 


PROPOSITION 1: Jf (a) £2 x,(R*, 5) and 
(b) x,CR*, b) is less than the notional demand 
of type 3 agents at the interest rate R*, then 
except for the initial old, it is Pareto improv- 
ing for the government to lend as much as 
demanded at the pre-intervention LIME inter- 
est rate.® 


To establish the proposition, and to de- 
rive the sufficiency of conditions (a) and 
(b) simultaneously, I begin by defining 
V,(S,,,/8,, R, yi, Y2) to be the indirect util- 
ity function of type i agents who are young 
at t, where y; is income in the jth period of 


*'The statement holds for any pre-intervention inter- 
est rate which results in credit rationing or, in other 
words, holds for a wide variety of equilibrium concepts 
other than that of a LIME. 
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life of agent i. The focus on steady states 
implies S,, ,/S, —1, and thus this argument 
is omitted in the notation. In addition, as I 
construct the proof of the proposition, each 
agent will have no endowment or income in 
one period of life. This argument is sup- 
pressed as well. 


PROOF of Proposition 1: 

Let R* denote the LIME interest rate pre- 
vailing at the date of the initial policy imple- 
mentation, which we take to be 7 — 0. The 
term R denotes the LIME interest rate in 
the presence of this policy, which consists of 
the government making all loans demanded 
at R*, with the level of transfers implied 
taken as parametric by agents. The method 
of proof is to construct transfers in a way 
which satisfies the proposition. To do this, 
consider agents with i=1. Since in both the 
pre- and post-intervention LIME type 1 
agents are on their supply curves, the change 
in their utility from the program is-V,(R*, b) 
—V,(R,b+T,), where transfers to type 1 
agents are 7,, which are made when young 
and are not state dependent? Taking a first- 
order approximation and equating this dif- 
ference to zero, we have 
D,V,(R*, b)(R*- &)- DV (R*, b)T, = 
For “small” levels of credit rationing this is a 
reasonable approximation. Solving for T,, we 
obtain 


DV (QR*; b)(R* - R) 


T. => 
: D,V,(R*, b) 


?We require in all cases transfers to be received only 
in the period (and states) in which the agent in question 
has a positive endowment. Otherwise we are allowing 
government redistribution of income which is not feasi- 
ble for agents, and the proposition is trivial. In addition, 
it is this requirement which makes government transfers 
informationally feasible. It is an (implicit) assumption 
that the receipt of each agent's second period endow- 
ment is public information. Thus, while type-dependent 
transfers to type 2 and 3 agents are not possible when 
these agents are young (they are indistinguishable), they 
are possible when these agents are old and the second- 
period endowment has been realized (so long as w; = w3). 
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Noting that the intertemporal version of 
Roy's Identity for this problem implies 


D&V,(R*,b) 2x,(R*,b) 
DV, (R*, b) R» oC 


2x,(R*, b)(R*— R) 
R* i 

This transfer guarantees that all interest rate 
changes resulting from the program are in- 
come compensated from the point of view of 
type 1 agents. 

Consider next agents with i — 3. Under the 
program the change in their utility is 


wehave 7,= 


pU,| 2, w, — Rt +(R*— R)x,(R)7,(0)] 
+(1- p)U 5,0) 


~ pU (x*,w, — R*x*)- (1- p)U (x*,0), 


where £ is the post-intervention LIME value 
of x, x* & x,(R*, b), T,(0) are transfers to 
type 3 agents in state s=0, and 75(1) & 0. 
For now, we simply state that T,(0) = —(R* 
-— R)x, (R, b+ T)), and return to the consid- 
eration of type 3 agents below. 

In order for the government budget to 
balance, all remaining transfers must be made 
to type 2 agents. These will be state depen- 
dent transfers which type 2 agents receive 
when old. These are denoted 7,(s), and by 
the budget balance condition, are defined by 


( (0) =2(R*-1)[%—x,(&,b+7,)] 
~ T;(0); 


(2) 
T,(1) = (R*—2)[%—x,(R,6+7)]-T. 


Equation (1) states that in nondefault states, 
the government lends the difference between 
what agents wish to borrow at the interest 
rate R*, and the amount offered in the 
marketplace at R, the post-intervention 
LIME interest rate. In addition, two loans of 
the same amount are repaid. Finally, the 
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government pays out T, to compensate type 
1 agents, and collects 7; from type 3 agents. 
The net profit to the government then accrues 
to type 2 agents (who are distinguishable ex 
post when second-period endowments have 
been realized). Equation (2) differs in that 
only one loan is repaid when s=1 and 
T,(1) = 0. 

I now demonstrate conditions sufficient 
for the utility of type 2 agents to increase. 
First note that, since the problem (xii) is 
separable, the maximized value of (xii) is 
(with an obvious notation) 


V,[ R*,w, + T,(0)+(R*— R)x,, w, 
+ T, (1) * (R*— R)x,], 


where x, =x, (Å, b 4 T). If this is greater 
than or equal to V,(R*,w,), the utility of 


‘type 2 agents does not worsen as a result of 


the program. Defining T,(s)= Ta(s)+(R*— 
R)x,(R, b - Tj) and taking a first-order ap- 
proximation about 7;(s) — 0; s — 0, 1, gives 
PDV (R*,w,) T, (0) 
+ (1 E p)D,V,(R*, w,)T;(1) 2 0, 
or D,V,(R*,w,) ED (s) > 0 


as the condition under which type 2 utility 
increases. This is equivalent to 


-2](&- x,) 


«qe- a px. - ^ |>0. 


G) EF,(s)=[(1+ p) R* 


Now note that if (1+ p)R*/2=1, the 
expected return. on loans is unity. Since 
lenders are risk averse, 2/(1-- p) constitutes 
a lower bound on R*. Therefore, since X > 

x,(R,b+T,),'° the first term on the right- 
hand side of equation (3) is positive. It is 


This follows from the fact that the economy was 
initially in a LIME and from type 2 agents’ maximi- 
zation problem in the presence of government policy. 
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also the case.that R* > Å. Then if x, > x*, it ` 


is immediate that E7;(s) > 0, and the utility. 
. of type 2 agents-is increased by the program. 
However, it will often be the case that 
x,(R, b+ T,) < x,(R*, b), so that the sign of 
(3) is ambiguous. We now investigate condi- 
tions under which (3) holds. 

To begin, note that R > 2/(1-- p). There- 
fore, if the second term on the right-hand 
side of (3) is negative," 


> [(1+ p) 8*-2]($- x,) 
„2 M 2x CRT. b) 
-[s ll R* 
Then ET;(s) > 0 if 


[Re i5 Vat 0-2) 


Ix. b) 


ET,(s) 


-0+ p. 








2 
1+p 


ase Do. 


px = [s- 


[a+aye- 


Since R* > 2 Ja + p), this is equivalent to 


tpit- 2x AR b). 


Now note that ne R* »- 2/(19 p), 
(1+ p) -2x,(R*, b)/R* 
> (1+ p)$&—(14 p)x,(R*, b). 


Thus condition (a) in Proposition 1 ($2 . 


x, CR*, b)) is sufficient for the utility of type 
2 agents to increase as a result of the pro- 
gram. This condition is easily interpreted as 
type 2 utility increases if the changes in 
income for type 2 agents implied by the 
program would not result in notional de- 
mand being less than the original level of 
credit supplied in the LIME. In other words, 


"Where strict inequality holds because R»2/ 
(1+ p). This is easily seen from the conditions in Sec- 
tion III, Part B, for the optimal value of R. 
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T,(s) may not convert the situation of excess 
notional demand into excess supply at R*. 

Consider now the welfare of type 3 agents. 
Their welfare increases if 


(4) EU,[2,w,(s)— Rs] 
> EU, [x*, m (s)— R*x,(R*, b)], 


where x* is the pre-intervention LIME value. 
To a first-order appronmation, equation (4) 
holds if ; 


6) [t-x*]E(D0) — 
> Re[s- x*]E( D-1). 


This is equivalent to condition (b) of Propo- 
sition 1: 


E(DcU,)/E(DcU,) Z R* as£Z x*. 


If E(DcU,)/E(DcU,) » R*, then the no- 
tional demand of type. 3 agents at R* exceeds 
x*.. If (a) and (b) are satisfied, then the 
policy of Proposition 1 increases the welfare 
of both type 2 and 3 agents. Condition (b) 
has the plausible interpretation that if (a) is 
satisfied, risky lenders would borrow more 


: than they actually do if their activity was not 


constrained by the actions of type 2 agents. 
In other words, if condition (a) is satisfied, 
(b) implies that type 3 agents (as do type 2 
agents) face credit rationing in a LIME. This 
is a plausible condition. 

It remains to consider the financing of the 
program at £—0. At all dates 22 0, the 
program is either self-financing, or financed 
by lump sum taxes on old agents with i — 2. 
It is assumed that at t —0, the program is 
financed by a lump sum tax on the initial old 
generation. Sufficient conditions for their 
utility not to fall as a result amount to the 
price of money rising sufficiently to offset 
this tax. This, in turn, requires sufficiently 
large increases in money demand as R falls 
below R*. Such a condition will not typically 
be satisfied. '? Thus, the initial old must gen- 
erally be exempted from the proposition. 


"Although it will be shown below that it can be. 
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The notions behind Proposition 1 can be 
simply stated as follows. With reference to 
Figure 1, if safe borrowers are allowed to 
borrow according to their notional demand 
at R y, they will clearly be made better off. If 
risky borrowers are also credit rationed at 
Ry, this represents a movement in a utility- 
improving direction for them if it is not too 
large. Moreover, since incremental govern- 
ment lending reduces the use of private credit 
markets, the variability in second-period 
consumption tends to be reduced for 
lenders.? Counteracting this last tendency, 
however, is the fact that the interest rate 
received by private lenders is reduced by the 
policy. Proposition 1 establishes conditions 
which are sufficient to guarantee that, even if 
lenders are made worse off by an open dis- 
count window, borrowers gain sufficiently 
from the policy to compensate them. More- 
over, it will be noted that the policy change 
is welfare improving under these conditions 
even though the government operates under 
the same informational limitations as private 
lenders. 

The proposition has been established, then, 
under several assumptions. The first is that 
credit rationing is small. This assumption is 
not strictly required for the proposition, as I 
have established much stronger conditions 
than required in the presence of small credit 
rationing. The second is that a post-interven- 
tion LIME exists. This is a nontrivial 
assumption even though, by hypothesis, a 
pre-intervention LIME exists. The problem 
essentially rests with the fact that, taking 
transfers as parametric, the corresponding 
full-information interest rate R, may change 
so as to increase the expected utility associ- 
ated with revelation for type 3 agents by 
more than utility increases for these agents in 
a LIME. In other words, under the transfer 
scheme implied, a post-intervention LIME 
need not be incentive compatible even though 
the pre-intervention LIME was. Thus, it re- 
mains to demonstrate that there exist econo- 
mies for which the policy of Proposition 1 is 


This is irrelevant in the Jaffee-Russell analysis be- 
cause lenders are risk neutral. It also does not appear in 
the demonstration of Proposition 1 because of the focus 
on small credit rationing. 
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feasible. This is demonstrated in Part-C be- 
low. 


B. The Post-Intervention LIME 


Here I demonstrate that under the policy 
of Proposition 1, private market rates of 
interest and credit volume are invariant with 
respect to a large class of potential govern- 
ment actions. I also indicate what these 
market quantities do depend on. The result 
obtained is stated as 


PROPOSITION 2: Under the policy of Prop- 
osition 1, R depends only on R* and the 
elasticity of credit supply with respect to R. 


PROOF: 3 
Consider the first-order condition for R 
associated with the problem (xii). This is 


PDcUj,-o[ x, —(R*— Ê) Dax,] (1— p) 
x Dc Ul, i[x, ^ (R*- R) Dax,] - 0. 


In order for this condition to be satisfied, we 
require 

x, —(R*— R) Dx, (R,b-- T1) =0 
or 

RDgx,(R, b+ T) E 


A R 
adc Sp Cer 





where 7, is the elasticity of credit supply with 
respect to R. In short, (6) states that type 2 
agents simply minimize expenditures by 
choice of R, and establishes the proposition. 


Proposition 2 demonstrates that while a 
wide class of policies will affect private credit 
markets, a large class of policies will have no 
such effect. As an example, if the analysis 
were extended to include safe bonds, open 
market operations would have no effect on 
private credit markets. Such irrelevance is, of 
course, not unique to this setting. However, 
the main point of Proposition 2 is that it 
demonstrates the exact focal point of any 
discussion of the impact of further policy 
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actions on credit markets under government 
policies which are not clearly suboptimal. 
For such actions to be effective, it must be 
demonstrated that there is some impact of 
these policies on supply elasticities of credit. 


C. An Example 


Here I demonstrate that Propositions 1 
and 2 are nonvacuous, or more specifically, 
provide a sample economy for which they 
hold (ie, which has a post-intervention 
LIME). ^s a by-product of this demonstra- 
tion, it will be seen that the policy of Propo- 
sition 1 is deflationary for this economy. It is 
also Pareto improving over both the LIME, 
and the LIE for the economy. This estab- 
lishes the possibility that, given a commit- 


ment to run an open discount window at an . 


appropriately set rate of interest, the monop- 
oly issue of liabilities Pareto dominates their 
competitive issue. In other words, it is possi- 
ble that restrictions on entry into the activity 
of issuing liabilities are desirable. This should 
not be taken as a generalizable result, 
however. 


Example 3. 'The economy is as for examples 
] and 2. As a restatement: 


Ti = x,(R*, b)(R*— R) 
R)x,, T,(1) =0 


— T,(0) 


T0)» —(R*- 
T,(0) = 2(R*- 1($ — x,)- Ti 
T,(1) = (R*-2)($ - x,)- T,- 


As is clear from the preferences of type 1 
agents, the supply schedule of credit is unaf- 
fected by the presence of transfers. This 
supply curve, repeated for convenience, is 


 (3/2)R-2 _ 60R -80 
MUT aR 


for the parameters of our example. The 
post-intervention LIME value of R, R, maxi- 
mizes 


(R*- R)x,(R) = (1425— e [8:9 


JUNE 1983 


The opua R and associated level of credit 
supply are R=1.378, 1.41=x (Ê). It is 
tedious but straightforward to derive other 
equilibrium values. These are € = 2.86; T,(0) 
= 1.34; and 7,(1) = — 1.01. It is also possible 
to verify that the change in the steady-state 
value of real balances between this equi- 
librium and the equilibrium of example 2 is 
ASM = 2.88. 

It remains to verify that the post-interven- 
tion LIME is incentive compatible. To see 
that it is, compute EU, = 1.41. It was estab- 
lished in example 2 that an upper bound for 
EU, under revelation was 1.04, so the post- 
intervention LIME is incentive compatible. 
This completes the demonstration of non- 
vacuousness. | 

Also note that the example establishes that 
this “liberal use of the discount window” can 
be deflationary (real balances rise with the 
stock of money constant). Hence it is not the 
case in the presence of credit rationing that 
liberal use of the discount window generally 
constitutes an inflationary policy action. 

Finally, I use the example to demonstrate 
that this policy can be strictly welfare im- 
proving. Note first that ASM = 2.88 > £— 
2.86 > -x (Å), so that the real balances of 
the initial old rise by. more than enough to 
compensate them for the tax imposed to 
finance initial government lending. 

Second, it has been shown that the utility 
of type 3 agents is EU, =1.41 in the post- 
intervention LIME. It is also easy to com- 
pute EU, =b +5.23 and EU, = 2.46. Thus 
the policy results not only in a Pareto im- 
provement over the LIME, but over the LIE 
as well? This establishes that, in the pres- 
ence of the suggested policy, restriction of 
competition in the issue of liabilities can 
produce Pareto improvements. 


Note that the government lends goods in the set- 
ting described in Section II, Part.A. However, it does 
not matter if the government lends fiat currency instead, 
so long as loans must be repaid i in money, and taxes and 
transfers are payable only in money. 

Type 1 utility increases because of the reduction in 
variance accompanying the policy. This was omitted in 
the approximation used for Proposition 1, which ex- 
plains why type 1 agents experience a utility increase as 
opposed to the constant utility predicted by the proposi- 
tion. The disparity arises because credit rationing in this 
example is not small. 
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IV. Conclusions 


For some time, credit rationing was 
thought to be the channel through which 
. monetary policy operated. Considerable at- 
tention has been focused for this reason on 
the “micro foundations” of credit rationing. 
Among the reasons deduced for its existence 
is asymmetric information. The analysis here 
has adopted this approach in a framework 
sufficiently rich to allow for the presence of 
money and a discussion of the welfare impli- 
cations of alternate policies. It was shown 
that when money is present, under extremely 
plausible circumstances (except for possibly 
the initial old generation), it is optimal to 
make liberal use of the discount window, or 
of government lending. Moreover, for some 
economies a policy where the government 
lends as much as desired at above market 
rates of interest is both Pareto improving and 
deflationary. Finally, in the presence of such 
a policy, only a limited set of factors under 
the control of the government influence 
private market rates of interest and credit 
volume. 

Note that these results are not deducible 
in the absence of money. Consideration of a 
steady-state monetary equilibrium alters the 
analysis since the presence of money bounds 
below the rate of return on private debt. This 
` is a forceful argument that if credit rationing 
is to provide a role for monetary policy, this 
policy must be analyzed in the context of the 
model generating the credit rationing. This 
paper seems to be the first to attempt suc. 
an analysis. 

Moreover, it is also not the case that these 
results are deducible in the absence of asym- 
metric information. In particular, one could 
consider a world with full information where 
risky borrowers exercise monopsony power 
in credit markets. Tt is not the case that such 
an economy behaves like the one examined 
here. Specifically, it can be verified by con- 
sidering the economy of examples 1—3 that 
the policy suggested is not welfare improving 
in a full-information setting. Thus the infor- 
mational asymmetry is also essential to the 
analysis. : 

Finally, the analysis does not provide an 
irrelevance argument for further government 
policy actions. As an example, suppose that 
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the rule governing the evolution of the mon- 
ey stock is amended to M,= (2/3)M, ,. 
Then the steady-state deflation rate becomes 
$,,1/5, = 3/2, and R rises for the example 
in the text. 

In contrast to the discussion over the neu- 
trality of money, then, policy analysis is 
fundamentally different in the presence of 
valued fiat money. Thus, if credit rationing 
operates and provides a role for monetary 
policy, money must be present in the model. 
If it is present, the result is an emphasis on 
discount window and government lending 
policies. It remains to be demonstrated if, in 
the presence of such policies, other monetary 
policies will be effective, or desirable. 
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Effects of Interest Rates and Inflation on Aggregate 
Inventory Investment in the United States 


By M. A. AKHTAR* 


Until recently, econometric studies of in- 
ventory behavior have failed to uncover any 
significant effects of capital costs or interest 
rates on investment in inventories.! In fact, 
after many years of investigations, Michael 
Lovell concluded that “...the probability of 
obtaining an interest rate coefficient with 
negative sign is 50 percent" (1976, p. 400), 
and that inventories are not significantly in- 
fluenced by capital costs. This conclusion, 
though perhaps justifiable in terms of the 
previous empirical studies, is difficult to rec- 
oncile with generally high inflation rates and 
rather large movements in real and nominal 
interest rates over the 1970's. Indeed, recent 
studies by F. Owen Irvine, Charles Lieber- 
man, and Laura Rubin using time-series data 
over the 1960's and 1970's seem to indicate 
that capital costs may be important in de- 
termining the inventory behavior. However, 
many others including those by Alan Blinder 
(1981b), Martin Feldstein and Alan Auer- 
bach (1976), and Louis Maccini and Robert 
Rossana (1981) continue to suggest that in- 
ventories are insulated from credit crunches 
or interest rate effects. 


*Research Officer (Manager), International Research 
Department, Federal Reserve Bank of New York. An 
earlier version of this paper was presented in seminars at 
Columbia University and the Federal Reserve Bank of 
New York. I thank participants in those seminars, espe- 
cially Phillip Cagan, William Dellalfar, Edward Frydl, 
and Lucas Papademos for comments and suggestions. I 
am also grateful to two anonymous referees for helpful 
criticisms and to Christopher Duffy and Andrew Gordon 
for competent research assistance, Neither these individ- 
uals nor the Federal Reserve Bank of New York share 
any responsibility for the views expressed in this paper. 

1See David Savage and F. Owen Irvine (1981b) for 
recent brief surveys of the empirical literature on this 
subject. Many theoretical models have incorporated car- 
rying cost effects on inventories; see, for example, Alan 
Blinder and Stanley Fischer, Charles Holt et al, and 
T. M. Whitin. 


Almost all recent inventory studies have 
focused on the behavior of particular sectors 
or components of total inventories. It is 
therefore difficult to generalize the results at 
the national or macroeconomic level. Yet, as 
is well known, changes in aggregate inven- 
tory investment account for a large propor- 
tion of changes in Gross National Product 
(GNP) and its variance. For example, de- 
creases in inventory investment accounted 
for two-thirds or moré of the shrinkage in 
GNP during the three recessions in the last 
decade— 1969-70, 1974—75, and 1979-80. 
Perhaps, even more significantly, changes in 
inventory investment accounted for about 
one-third of the variance of changes in GNP 
over the period 1959-79,” 

Bearing in mind the significance of inven- 
tory movements for overall economic activ- 
ity, this paper takes a fresh look at inventory 
carrying cost effects by focusing on aggre- 
gate inventory behavior. Section I outlines 
the basic estimation framework and Section 
II explains the empirical specification of the 
variables utilized in estimating the model. 
The third section discusses the results with 
particular focus on the effects of interest 
rates and inflation on aggregate inventory 
investment. The next section examines post- 
sample simulations based on estimates in 
Section III. The final section highlights the 
main findings and examines some possible 
explanations of the differences in the esti- 
mated carrying cost effects in this study vis- 
à-vis most earlier studies. 


?Such calculations are not meant to suggest that 
autonomous inventory changes cause cyclical move- 
ments in economic activity, but they do indicate that 
inventories play a major role in propagating those move- 
ments. For a detailed analysis of the importance of 
inventory movements in business cycles, see Blinder 
(1981a,b), and Blinder and Fischer. 
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I. Estimating Equation 


The empirical analysis in this paper is 
based on the “stock adjustment" or the so- 
called "flexible accelerator" model This 
model postulates that each firm has a desired 
level of inventories and that it attempts only 
a partial adjustment towards the desired level 
within any one period. Specifically, 


(1) INV,— INV, ,— AINV, 
= AINV? + AINV," 
= a(INV* — INV, ,)-- AINV", 


where 
INV,= aggregate level of inventories on na- 
tional income and product accounts 
(NIPA) basis, held at the end of 
period t; 

INV*-aggregate level of inventories de- 
sired to be held at the end of per- 
iod 1; 

AINV,=change in aggregate inventories on 
NIPA basis over period t, which is 
divided into planned (or intended) 
component, AINY7, and unplanned 
(or unintended) component, AINYV;"; 

a — *speed-of-adjustment" or stock ad- 
justment coefficient, 0 < a <1. 

The unobservable desired level of invento- 
ries is hypothesized to be determined by 
expected demand (i.e., sales), carrying costs, 
and cyclical considerations: 


Q) INV*=a)+a,DX; + a;,RS, 
+ a4P£,t a4CU, 


where : 
DX*=expected aggregate sales of goods 
on NIPA basis in period t; 
RS, — short-term interest rates in period f; 
Pf — expected price inflation in period ¢; 
CU, — capacity utilization in period ¢; 
and 4d,,a,>0,a,,a,<0. 

The unplanned or unintended inventory 
investment will accumulate or be depleted in 
response to movements in capacity utiliza- 
tion and in actual demand relative to actual 
output. This component of inventory invest- 
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ment is specified as 
(3) AINV,“ = by + b,CU, + b,(DX,/Q,), 


where 
DX,= aggregate sales of goods on NIPA 
basis in period 1; 
Q,- industrial output in period ¢; 
and b,>0,b, <0. 
Inserting equations (2) and (3) into (1), 
and adding a dummy variable yields 


(4) AINV, =cy+¢,DX? + c4 RS, cP; 
+ eCU + e(DX,/Q,) 
t c,LDUM + aINV, ,- u, 


where LDUM is a dummy variable, repre- 
senting the 1980 general credit controls, equal 
to 1 during quarters 2 and 3, 1980, and 0 
elsewhere; cy — aa, + by; c= aa; for i= 
1,2,3; c4 = aa, + b; c; = b; and u = a ran- 
dom disturbance term. Note that the sign of 
c, is: ambiguous and depends on whether the 
planned or unplanned inventory behavior 
dominates capacity utilization. 


Il. Specification of Variables 
A. Expected Demand 


Nearly all studies of inventory behavior 
have postulated that expected sales are some 
function of past sales. Two widely used 
schemes for this purpose have been 1) to use 
the simple expectations model which as- 
sumes that expected sales are equal to sales 
of the last period, and 2) to specify expected 
sales as a distributed lag over sales in past 
periods. In this paper, both alternatives were 
tried in specifying DX7 or expected quarterly 
sales of goods on a national income and 
product accounts basis. The first alternative 
is straightforward, that is, DX? = DX, ,. 
Under the second alternative, DX; was 
specified as an unconstrained second-degree 
polynomial on the preceding four quarters, 
or as a distributed lag estimated freely with 
the length of lag set at two or three quarters. 

The simple model with DX? = DX,_, 
seems to provide the best fit although the 
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results based on the expected demand proxy 
with the polynomial lag structure are not 
significantly different. This is not surprising 
since the polynomial weight for DX, , is 0.9 
or higher. The estimates reported in this 
paper use the first alternative. 

Since DX* is based entirely on past sales, 
it may not be a good proxy for capturing 
expectations of future sales. Therefore, in 
addition to DX*, new orders for manufactur- 
ing goods as a proxy for expected sales was 
tried. (Note that manufacturing goods are a 
subset of DX.) The variable should be posi- 
tively related to the desired level of invento- 
ries because increases in actual or planned 
output induced by additional new orders lead 
to increases in planned inventories of finished 
goods, and of raw materials and works-in- 
progress. However, in my empirical analysis, 
new orders for manufacturing goods did not 
turn out to be statistically significant, and 
they are therefore not included in the final 
reported estimates. 


B. Carrying Costs 


The capital costs of financing inventories 
consist of two parts: 1) nominal carrying 
costs of inventories or the opportunity cost 
of funds tied up in financing inventory 
Stocks; and 2) the anticipated rate of nomi- 
nal capital gains associated with the price 
appreciation of goods held in inventory. The 
usual procedure is to treat the difference 
between these two elements ( RS — P^) as the 
appropriate measure of real carrying costs of 
inventories. 

This type of real interest rate measure uses 
equal weights on nominal interest rates and 
expected inflation. However, several consid- 
erations point out that businesses may not 
view the coefficients of the two variables to 
be equal in size. In general, there is a good 
deal more uncertainty about P^ than about 
RS. Therefore, as noted by Irvine (19812), 
risk-averse firms are likely to weight P* less 
than AS. Similarly, Alan Blinder (1981b) has 
pointed that the nominal interest rate is the 
appropriate carrying cost for businesses. fol- 
lowing a first in, first out (FIFO) pricing 
strategy—under which prices of goods in 
stock are not changed regardless of what 
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happens to prices of newly produced goods. 
In other words, the weight on P7 is zero since 
there is no price appreciation on goods held 
in inventory. Finally, the differences in tax 
treatment of interest income or expense and 
capital gains would lead to different after-tax 
real interest rates for an equal-sized change 
in RS and P*. For all these reasons, I use RS 
and P“ as separate variables in equation (4).? 
The four-to-six month commercial paper 
rate in the current period seems to be a good 
measure of the opportunity cost of funds 
invested in inventories. However, it is more 
difficult to find a suitable measure of ex- 
pected price inflation. There is no clear-cut 
case for any one price expectations model, or 
for any one type of price index. I considered 
three different schemes for price expectations 
using the producer price index and the NIPA 
based price deflator for inventory invest- 
ment. Specifically, those schemes are 
(i) static expectations, Pf = P; 
(ii) adaptive expectations, Pf = P, + 
(1— 9) P,.,, where0 « $ «1; 
(iii) rational expectations with perfect 
foresight, P^ = P,, ;, where i 2 1. 
The most plausible results are obtained 
with the simple adaptive expectations proxy 
using equal weights over the four quarters 
from period t-4 to period t. The producer 
price proxy from period /-5 to period t-1 also 
yields similar but statistically less significant 
results. Judged in terms of the standard error 
of the coefficient of the price variable and 
the overall regression fit, the producer price 
index yields considerably better results than 
the inventory deflator. My main results are 
based on the adaptive expectations proxy for 
producer prices over the most recent four 
quarters to period ¢. However, the empirical 
analysis also provides a comparison with cer- 
tain other proxies for price expectations. 


There is no explicit consideration of taxes as a 
factor influencing carrying costs. Since there has been 
no significant change in the corporate income.tax rate 
over the last fifteen years or so, not much is lost by 
treating the tax rate as a constant. Of course, as noted in 
the text, the differences in the tax treatment of interest 
income/expense and capital gains are accounted for by 
my use of RS and P* as separate variables. See Blinder 
(1981b, pp. 483—84) for an analysis of this point. 
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C. Other Variables 


Equation (4) includes two other variables, 
CU, and (DX,/Q,), which need some elab- 
oration. The variable CU, is proxied by the 
Federal Reserve Board's manufacturing 
capacity utilization rate. As seen in equations 
(2) and (3), capacity utilization appears as an 
explanatory variable for both planned and 
unplanned changes in inventories. The rela- 
tionship of CU, with the desired level of 
inventories is postulated to be negative as 
businesses tend to smooth out the pattern of 
production in order to avoid or minimize the 
loss of efficiency (and other costly changes) 
associated with rapid changes in the produc- 
tion process by adjusting the desired level of 
inventories. This means that at high-capacity 
utilization levels, businesses will tend to re- 
duce inventory stock rather than to make 
production changes to meet current demand, 
while at low-capacity utilization levels, they 
will tend to build-up stocks to avoid further 
cuts in production.‘ 

However, CU, is positively related to unin- 
tended changes in inventories, equation (3). 
The rationale is based on the assumption 
that over a long period, expected or potential 
output should be equal to expected demand. 
Thus increases in actual output relative to 
equilibrium output or demand would lead to 
unintended increases in inventory invest- 
ment, ceteris paribus. 

Since actual demand for goods often de- 
viates from expectations, many previous 
studies bave included some proxy for sales 
surprises. I have used the ratio of current 
sales of goods to current industrial output 
(DX,/Q,) to capture this type of effect. This 
allows for sales surprises as well as for out- 
put surprises in the short run. Unintended 
inventory investment would accumulate (be 
depleted) when current sales are weaker 


*See Paul Burrows for more details on the rela- 
tionship of capacity utilization to production-smoothing 
behavior of firms. George Hay's model includes the 
lagged output level to account for the production- 
smoothing behavior My estimates do not favor the 
inclusion of that variable. The lagged industrial output 
level used as a substitute for capacity utilization or as an 
additional variable yields statistically insignificant coef- 
ficients. 
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(stronger) relative’ to current output. To the 
extent sales surprises are offset by output 
surprises, inventory investment may remain 
unchanged. 


HI. Estimation Results 


Equation (4), as specified above, was 
estimated with quarterly data for the sample 
period 1965-81, and for the subperiod 
1972-81. The starting point of the full sam- 
ple period has no particular significance ex- 
cept that it provides a substantial number of 
observations with similar quality data. The 
choice of the subperiod is based on the fact 
that the period since 1972 is marked with 
generally higher and more variable inflation 
and interest rates than the earlier part of the 
sample period. (The exact starting point for 
the subperiod is Q1, 1972 but there is no 
significant difference in the results if that 
point is shifted forward by one to three 
quarters.) Presumably, the combination of an 
upsurge in inflation, the 1973-74 oil price 
shock and the advent of generalized floating 
exchange rates may have led to a structural 
shift in 1972-73. 

Given the inertia in adjustment of invento- 
ries, one would expect the errors to be seri- 
ally correlated. This a priori expectation was 
confirmed by Durbin’s h-statistic calculated 
for estimates of equation (4) based on the 
ordinary least squares (OLS) method.’ As is 
well known, the combination of the lagged 
endogenous variable and serially correlated 
disturbances means that the OLS estimates 
will not be consistent. There is no unique 
method of dealing with serial correlation 
when the lagged endogenous variables are 
present. I used two alternative techniques for 
obtaining consistent and more efficient 
estimates. First, equation (4) was estimated 
by instrument variables with correction for 
serial correlation under the Wallis method, 
as described by Edmond Malinvaud (pp. 
557-59). Second, the Hildreth-Lu search 
procedure was utilized. The two sets of 


«See J. Johnston, pp. 312-13, for details of this test. 
For a comparison of the Hildreth-Lu procedure with 
other estimation procedures for autocorrelated errors, 
see G. S. Maddala (pp. 277-84). Note that, as demon- 
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TABLE | —ESTIMATES OF AGGREGATE INVENTORY INVESTMENT . 
-, _ DEPENDENT VARIABLE: A INV, 


1965:11-1981:1I | 


be Instrument 
Coefficients _ Variables 
Constant 244.55 
' (5.74) 
Dx* 0.30 * 
(5.89) 
RS, —1.79 
(7.33) 
p : 0.65 
(3.61) 
CU, —0.26 
(1.18) 
DX,/Q, — 1.92 
(8.53) 
LDUM — 6.53 
i (2.51) 
INV, , —0.60 
" . (5.54) 
R 0.83 
Standard Error 
of the Equation _ 3.25 
Durbin-Watson 2.03 
p : f 0.02 
Estimated Elasticities of INV* 
with respect to ` . 
Expected Sales 0.96 
Interest Rates — 0.089 
Expected Inflation 0.026 
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1972:1-1981:1I 
Hildreth- , . Instrument Hildreth- 
Lu Variables Lu 
245.98 275.77 ` 283.22 ` 
(5.80) (4.74) (5:09) 
0.30 0.31 0.32 
(5.94) (6.14) (6.17) 
—1.79 —2.23 —2.26 
(7.44) (7.36) (8.04) 
0.66 0.87 0.89 
(3.68) (4.13) (4.58) 
. 0,27 — 0.38 —0.42 
(1.22) (1.31) (1.52) 
— 1.93 -2.27 —2.32 
(8.62) (6.14) (6.61) 
— 6.65 — 8.00. — 8.38 
(2.58) (3.32) (3.74) 
—0.61 — 0.58 —0.59 
(5.60) (4.72) (5.10) 
0.84 0:91 0.92 
: 3.25 3.13 3.10 
1.99 227 2.11 
0.01 0.17 0.09 
' 0.96 1.00 1.02 
—0.089 . — 0.104 — 0.105 
0026 . 0.045 0.046 


Notes: 'The lagged inventory levels were treated as 'endogenous and exogenous variables lagged one or two periods 
were used as instruments; estimated ¢-values are reported in parentheses below the coefficients, those around or above 
1.7 are significant at the 95 percent or higher confidence levels (one-tail test); p is Mie final value of the autocorrelation 


parameter after several iterations. 


estimates are almost identical. In this paper, 
I discuss estimates based on instrument vari- 
ables technique. However, as a starting point, 
Table 1 reports the basic estimates from both 


procedures for tbe full sample period as well . 


as for.the subperiod. 

Estimates in Table 1 indicate that all ex- 
planatory variables, except capacity utiliza- 
tion, are statistically very significant. This is 
true for both the entire sample period and 
the subperiod. However, the overall re- 
gression fit is closer for the subperiod than 
for the;full period, which seems to be con- 


Strated. by Roger Betancourt and Harry Kelejian, the 
Cochrane-Orcutt estimation procedure may be incon- 
sistent when the lagged endogenous variables are pres- 
ent. i 


sistent with the notion of a shift in the 
underlying structure. This impression is con- 
firmed by Chow test statistics calculated for 
estimates in Table.1. The calculated value of 
that test is 2.4 which rejects the hypothesis 
that observations since early 1972 follow the 
same structure as in the earlier period at the . 
5 percent level. But the null hypothesis is not 
rejected at the 1 percent level. 

To the extent that there has been a shift, it 
seems to be associated with the behavior of 
interest rates, expected inflation, and the 
sales/output ratio variable. The coefficients 

: of those variables are larger in absolute value 
in the subperiod than in the full sample 
period. By contrast, all regressions in Table 1 
yield virtually identical, coefficients for ex- 
pected sales and lagged inventory stock. Both 
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coefficients bear theoretically expected signs 
and are significantly different from zero at 
the 1 percent level. 

The speed of adjustment—the coefficient 
of the lagged inventory stock—is estimated 
to be around 60 percent, that is, around 
three-fifths of the discrepancy between de- 
sired inventories and the lagged inventory 
stock is corrected within one quarter. This is 
a reasonably prompt speed of adjustment 
and effectively counters the objection by 
Feldstein-Auerbach and others that the flexi- 
ble accelerator model is not an appropriate 
specification because the estimated adjust- 
ment coefficients turn out to be implausibly 
low. 

Turning to the main focus of this paper, 
estimates in Table 1 indicate that, contrary 
to most previous studies, nominal interest 
rates and inflation have statistically signifi- 
cant effects on the behavior of inventories. 
The signs of the two coefficients are in accord 
with a priori expectations and test to be 
statistically different from zero at the 1 per- 
cent level. According to these results, a one 
percentage point rise in short-term interest 
rates leads to, ceteris paribus, a $1.8-22 
billion decline in real aggregate inventory 
investment, while a similar rise in expected 
- inflation leads to a $0.7—0.9 billion increase 
in inventory investment. 

The coefficients of desired inventory stock 
with respect to the main arguments—ex- 
pected sales, interest rates and expected 
inflation—in equation (2) can be obtained 
by dividing the estimated coefficients by the 
speed of adjustment, a. The corresponding 
point-of-means elasticities based on those 
coefficients are shown in the last three rows 
of Table 1. The estimated interest rate elas- 
ticity is more than twice the absolute value 
of expected inflation elasticity. But, given 
that fluctuations in interest rates or capital 
costs tend to be frequently quite large, the 
estimated elasticities for both the interest 
rate and inflation imply very substantial ef- 
fects on desired inventory levels.” 


"Irvine (1981b) reaches a similar conclusion on the 
capital cost effects on target retail inventory levels. 
However, unlike the present study, he estimated nearly 
identical point-of-means elasticities of desired inventory 
levels with respect to interest rates and inflation. Inci- 
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Three interrelated points need to be made 
about the estimated carrying cost effects. 
The first concerns the effects of nominal vs. 
real carrying costs on the inventory behavior. 
In my results, both influences appear to be 
important suggesting that businesses react to 
changes in nominal interest rates and not 
just to changes in real costs. If the real cost 
had been the appropriate variable, the coeffi- 
cients on interest rates and price inflation 
would have been roughly equal with offset- 
ting signs. In fact, the signs are offsetting, 
but the results imply a substantial net effect 
from nominal interest rates on inventory 
investment. 

Results obtained by substituting (RS, — 
P^) for RS, and Pf as separate variables 
seem to support these observations. Consider 
the counterparts for the two instrument vari- 
ables estimates in Table 1: 


Full Sample Period 


AINV, = 242.83 +0.25DX? 
(4.55) (3.99) 


—0.78(RS, — P*)—0.25CU, 


(3.12) (0.90) 
— 1.83(DX,/Q,)—0.56INV, , 
(6.25) (4.25) 
—4/"1LDUM R? = 0.70; 
(1.34) 


SEE = 3.92; D-W =1.90; p = 0.05. 
Truncated Sample Period 


AINV, = 212.83 + 028DX* 
(2.36) (3.24) 


—0.75(RS, — P£)—0.06CU, 


(1.94) (0.13) 

— 1.55(DX,/Q,)—0.66INV,_, 
(2.68) (3.42) 
—3.48LDUM R? =0.73; 

(0.82) 


SEE = 4.43; D-W —1.96; p = 0.02. 


dentally, the corresponding elasticities of inventory in- 
vestment with respect to interest rates and expected 
inflation are quite large: — 1.6 and 0.5 over the entire 
sample period while —2.3 and 1.0 over the truncated 
sample period, respectively. l 
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TABLE 2— COMPARISON OF ESTIMATED REGRESSION COEFFICIENTS OF EXPECTED INFLATION PROXIES 


Estimation Period (PI,/PI, |) 
Full Sample Period 
Producer Price Index 90.12 
(0.84) 
Inventory Deflator 0.02 
(0.12) 
Truncated Sample Period 
Producer Price Index 0.11 
(0.60) 
Inventory Deflator 0.04 
(0.25) 


(PI, 4/PI,) 
(1) (2) (PI,/PI,-4) 
0.17 0.57 0.65 
(0.72) (1.50) (3.61) 
—9.10 0.19 0.46 
(0.68) (0.68) (2.47) 
0.65 0.17 0.87 
(1.78) (0.72) (4.13) 
0.22 —0.11 0.65 
(0.81) (0.68) (2.55) 


Notes: PI = price index, either the producer price index or the inventory deflator; data sources are given in the 
Appendix; estimates in the second column under rational expectations proxy, (PI, ,., /PI,), are based on instrument 
variables technique suggested by B. T. McCallum, and use past values of inflation as instruments; estimated ¢-values 
are reported beneath the coefficients, those around or above 1.7 are significant at the 95 percent or higher confidence 


levels (one-tail test). 


The coefficient of (RS, — P*) is consider- . 


ably more than one standard error smaller in 
absolute value and statistically less signifi- 
cant than the coefficient of RS, in the com- 
parable estimates in Table 1. In the sub- 
period estimate, the real cost variable is not 
significant at the 99 percent confidence level. 
Moreover, the general properties of these 
estimates are inferior to those of the com- 
parable estimates in Table 1; standard errors 
of estimates are substantially larger and t- 
statistics are lower for all coefficients. 

The second point to be made about the 
estimated carrying-cost effects concerns the 
expected inflation variable. It was noted 
earlier that after considering several proxies 
for expected inflation, my main results utilize 
the simple adaptive expectations for pro- 
ducer prices with equal weights over the most 
recent four quarters. Other inflation proxies 
include static expectations under which P^ = 
P,, adaptive expectations with declining or 
equal weights over the past two-to-six 
quarters, and rational expectations with per- 
fect foresight, looking ahead one-to-four 
quarters. Table 2 reports the coefficients for 
three such proxies when they are substituted 
in estimating equation (4). 

Of the three proxies, P? = PI, /PI,_, yields 
Statistically superior results for both the pro- 
ducer price index and the inventory deflator. 
While the coefficients based on both indices 
are significantly different from zero, those 
based on the producer price proxy are statis- 


tically more significant over the full sample 
period as well as over the subperiod. This 
producer price specification is used in my 
main estimates. Note that other proxies for 
expected inflation turn out to be generally 
statistically insignificant, and in some cases 
bear the wrong sign. 

The third point deals with the possibility 
of a significant shift in the estimated coeffi- 
cients of interest and inflation rates. The 
absolute size of the two coefficients is a bit 
more than one standard error larger in the 
subperiod than in the entire sample period. 
The implied elasticities for both inventory 
investment and desired inventory stock are 
also larger in the subperiod. The notion of a 
shift in coefficients was formally examined 
by estimating the following regression for the 
full sample period: 


AINV, = 241.88 + 0.32 DX? — 1.33RS, 
(5.64) (6.25) (2.96) 


—0.80RS, (DUM) — 0.08P° 


(1.58) (0.09) 
0.92P* (DUM) — 1.95(DX,/Q,) 
(1.09) (8.85) 
—0.26CU, — 0.62INV,_, 
(117) . (567 
—1.61 LDUM R?-0.87; 
(2.98) 


SEE = 323; D-W =1.98; p = 0.01, 
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TABLE 3— DYNAMIC SIMULATION RESULTS? 


($ BILLIONS) 
Prediction Errors (Annual Rate) from 
Simulations Based on Estimates ' 
for the Period: ; 
1965:1II 1965:III 1972:1 1972:1 
‘Actual Aggregate - - - - 

Inventory Investment ; 1981:1I _ 1979:1V 198:H -> 1979:1V 

1980:I —0.9 . —0.80 1.56 
II 13 —6.91 — 7.06 

In —5.0 1.67 — 0.64 
Iv -72 —542. -I.H 
1981:1 —14 — 0.34 2.71 
I 10.8 1.06 4.25 

I | 14.9 18.83 17.89 19.42 19.83 

IV 42 4.81 4.79 5.54 7.16, 
.1982:I -17.5 —2.30 — 3.59 0.07 1.16 

. RMSPE” . . : 

1980:I~1982: I = 697 ` - 7.64 
1980:I~1982:1° - 3.61 - os 4.06 
1981:11I-1982:1 11.30 10.89 11.66 - .12.19 
1981:1V-1981:1 ^37 4.23 3.92 5.13 


* Quarterly dynamic simulations were run by utilizing the estimated lagged stock of inventories (. e, the stock of 
inventories was adjusted for each quarter by eimai changes in inventories) from the beginning’ of simulation 


periods. 
>Root mean squared prediction error. 
Excluding 1981:11 l E 


where (DUM)=1 from 1972: I through 
1981: II, and 0 elsewhere. In this regression, 
a test of the coefficients of RS, (DUM) and 
Pf (DUM) would test the hypothesis that 
the coefficients of interest rates and inflation 
.are equal in the long and the short period. 
In fact, the estimates reported here are 
inconclusive. While they do not reject the 
equality hypothesis at the 5 percent level, 
they appear to be consistent with the possi- 
bility of a shift in the structure. The coeffi- 
cient of RS, ( DUM) is significantly different 
from zero at the 10 percent level (one-tail 
test). Also, the coefficient of P is no longer 
significantly different from zero. 


IV. Sinon Results 


This section briefly examines the postsam- 
ple predictions. Such predictions are fre- 
quently viewed as a measure of the overall 
explanatory power (or forecasting ability) of 
estimates. Perhaps, more importantly, they 
are helpful in judging the extent of sensitiv- 
ity or instability of results over the postsam- 


ple period. Based on the estimates in Table 1 
and their counterparts with 1979: IV as the 

. cut-off point for the sample, several different 
dynamic simulation exercises were tried. The 
results from these exercises turned out to be 
quite similar. Table 3 reports: simulation re- 
sults from four such exercises. 

The postsample simulations usually yield 
large prediction errors. While the results in 
Table 3 are no major exception in this re- 
spect, they appear to be good on conven- 
'tional criteria. The root mean squared pre- 
diction errors (RMSPE) for simulations are 
relatively large, but in all cases this is mostly 
due to the unusually large prediction error in 
Q3, 1981. For the rest of the period, the 


RMSPEs are, in most cases, only 15-30 


` percent larger than the standard errors of 
estimates for the relevant regressions. 

The RMSPEs for simulations based on 
the long sample period are somewhat smaller 
than those based on the truncated. sample. 
However, in general, the differénces do not 
appear to be significant and, from the fore- 
casting perspective, it is difficult to make a 
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strong case for one set of estimates over the 
other. 

The prediction errors from various simula- 
tions with different termination points do 
not suggest any significant structural shift in 
the postsample period from 1979 year ending 
to early 1982. On the whole, the quarterly 
prediction errors from 1981:HI to 1982:I 
based on estimates in Table 1 are roughly 
similar to those based on estimates with 1979: 
IV as the cut-off point for the sample period.* 
None of the simulations are able to capture 
the major buildup of inventories in 1981:III. 
The inventory accumulation in that quarter 
cannot be easily explained since it came in 
the face of a rise in interest rates, lower 
expected sales, and expectations of declining 
price inflation. 


V. Conclusions 


The main finding of this study is that 
fluctuations in carrying costs—interest rates 
and inflation—have very significant effects 
on inventory investment. The estimated coef- 
ficients indicate that a one percentage point 
rise in short-term interest rates would de- 
crease aggregate inventory investment by 
around $2 billion, and that a pari passu rise 
in expected inflation would offset less than 
half of that decline. Another important find- 
ing of this study is that the estimated adjust- 
ment coefficient between the desired inven- 
tory level and the lagged inventory stock 
indicates a reasonably prompt speed of 
adjustment. 

The finding on inventory carrying cost 
effects. is in sharp contrast to most of the 
earlier evidence on this subject. One obvious 
explanation would seem to be my choice of a 
more recent period for investigation as com- 
pared with most previous studies. The gener- 
ally high inflation and interest rates over the 
late 1960's and the 1970's have implied sub- 
stantially larger changes in capital costs than 
in the earlier period which was characterized 
by relatively low inflation and interest rates. 


*'These results are consistent with the fact that the 
estimated coefficients of the main variables are quite 
insensitive to various termination points from 1979:IV 
to 1981:II. 
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This also means that interest costs as a pro- 
portion of total carrying costs (other costs 
include storage, deterioration and obsoles- 
cence) have increased over the 1970's so that 
they would be expected to have larger effects 
on inventory investment. To some extent, 
this is evident in my estimates over the 
truncated sample period, 1972-81. As noted 
in the introduction, some studies using re- 
cent time-series data arrive at results which 
are generally consistent with my finding on 
carrying costs. However, others using similar 
data period reach the opposite conclusion. 

Another explanation for the differences in 
findings on carryings costs seems to be re- 
lated to the specification of interest rates and 
inflation. The present analysis provides an 
explicit treatment of the two carrying cost 
components and utilizes an expectations 
proxy for price inflation. By contrast, most 
earlier studies have used either a “real” in- 
terest rate variable, or have combined nomi- 
nal interest rates with actual current price 
inflation. As shown earlier, both of those 
alternatives appear to be less appropriate 
than the specifications used herein. However, 
even the real interest rate specification ap- 
pears to be significant in my estimates, as it 
is in a recent study of the retail inventory 
behavior by Irvine. 

The specification of the unintended or un- 
planned inventory investment may also have 
played a role in capturing the carrying cost 
effects. The behavior of actual inventories 
does not always closely follow the behavior 
of planned inventory levels and the influence 
of interest rates on planned inventories can 
be swamped by unintended changes arising 
from unexpected demand or output condi- 
tions. Unlike most earlier studies, I have 
utilized the ratio of actual current sales to 
actual current output together with capacity 
utilization to-account for unintended inven- 
tory investment. This specification seems to 
be helpful in clarifying the effects of carrying 
costs, although those effects remain statisti- 
cally significant even if unplanned inventory 
investment is specified in terms of sales pre- 
diction errors by businesses as is done by 
many earlier investigators. 

Finally, one major policy implication of 
my results on inventory carrying costs is 
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worth mentioning. Until recently, economists 
have widely believed that inventories are not 
a significant channel for transmission of 
monetary influences to the real sector. The 
findings in this study, by contrast, suggest 
that monetary policy actions which alter 
short-term interest rates have quantitatively 
significant effects on aggregate inventories, 
and thus add to the rather scarce literature 
confirming the significance of that channel 
of monetary policy influence on the econ- 
omy. 


APPENDIX: DATA SOURCES 


All data series are from Survey of Current 
Business published by the U.S. Department 
of Commerce, and are maintained in CITI- 
BASE (Citibank economic database) The 
empirical analysis utilized seasonally ad- 
justed series, expressed in 1972 prices, from 
data tapes as of April 1982. 
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Competition and Unanimity Revisited 


By Lours MAKOWSKI* 


Some recent developments in the theory of 
competitive stock markets are discussed and 
illustrated in this paper, using simple exam- 
ples. These developments challenge the cen- 
tral role played by “spanning” in the lit- 
erature dealing with unanimity among 
shareholders. Harry DeAngelo’s 1981 article 
gives a clear account of some popular views 
about the central importance of spanning, 
and is used to focus my presentation. 

In DeAngelo’s article, there are three basic 
claims: 

(a) If all initial shareholders in a firm 
have perfectly competitive conjectures and 
there is spanning, net market value maximi- 
zation will be unanimously favored by initial 
shareholders as the objective of the firm 
whether or not there are short sales of the 
firm’s shares (perfect competition plus span- 
ning imply unanimity). 

(b) Perfectly competitive conjectures 
only make sense when there is spanning (per- 
fect competition implies spanning). 

(c) For perfectly competitive conjectures 
to be correct, there must not only be span- 
ning, but also constant returns to scale, and 
hence zero profits (profits are inconsistent 
with perfect competition). 

In this paper, I show that claim (a) can be 
true even without spanning. In particular, 

(i) If all initial shareholders in a firm 
have correct and perfectly competitive con- 
jectures, then net market value maximization 
will be unanimously favored by them as the 
objective of the firm, at least if there are no 
short sales of the firm’s shares by initial 
shareholders (perfect competition, with or 
without spanning, implies unanimity). 


*Cambridge University. The idea for this paper 
germinated after a discussion with Oliver Hart, and 
most of the ideas expressed are also due to Hart. But 
some of the perfect competition ideas are due to Joe 
Ostroy. The Appendix was motivated by a discussion 
with Derek Atkins. I have also benefited from com- 
ments by Robert Clower, Joe Ostroy, and John Riley. 
Research for the paper was supported by a grant from 
the U.K. Social Science Research Council. 
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(ii) Claim (b) above is false; that is, 
perfect competition can exist without span- 
ning. 
(iii) Claim (c) is false, whether or not 
there is spanning; that is, positive profits and 
perfect competition are perfectly consistent. 

Since the assumption of spanning is 
tantamount to the assumption of complete 
markets (for example, if there is free disposal 
plus spanning then markets are complete 
(D. M. Kreps, 1979), assertion (i) signifi- 
cantly extends the scope of the unanimity 
result. In particular, it extends the result to 
environments with incomplete markets in 
which firms market unique securities. Asser- 
tion (ii) shows such environments exist, and 
(iii) shows they can be nontrivial, that is, 
ones in which shareholders care about the 
firm’s objective beyond whether or not the 
objective implies nonnegative profits. 

Assertions (i)—(iii) are easily demonstrated 
once it is realized that the old textbook 
maxim—for perfect competition there must 
be many buyers and Sellers of a commodity 
(for example, a particular type of secur- 
ity)—is simply false. While many buyers and 
sellers may be sufficient for perfect competi- 
tion, it is not necessary. Indeed, 

(iv) There may be only one seller of a 
commodity— without any good substitutes 
—yet that seller will face a perfectly elastic 
demand if he is small relative to his market. 

The import of (iv) is that spanning is 
basically irrelevant for perfect competition;! 


lObservation (iv) is due to Oliver Hart. The idea 
appears in his 1979a article, and is further developed in 
his 1979b and 1980 articles. A complementary develop- 
ment, in the context of finite rather than large econo- 
mies, appears in my 1980b and forthcoming articles. 
The link between these two lines is Joe Ostroy’s “no 
surplus" characterization of perfect competition, for ex- 
ample, his 1980 and 1981 papers. He shows that the no 
surplus property characterizes perfectly competitive 
economies, whether they are finite or large, although it 
is more likely to hold in large economies. Since finite 
examples are generally easier to understand, this allows 
for a simpler exposition of perfect competition theory 
and its consequences. 
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all that is required is that any seller's supply 
of his commodity is small relative to the 
demand he faces. 

The organization of the sequel may now 
be summarized. In Section I, I present some 
simple examples which develop the intuitions 
underlying the paper. The examples also 
establish the validity of assertions (ii) and 
(iii) above. Section II then proves my basic 
assertion (i) via a slight modification of 
DeAngelo's proof of claim (a) above. The 
proof should be easy to follow once Example 
4 in Section I below is understood, since the 
assumptions and line of argument used in 
the proof only involve an abstract restate- 
ment of the principles underlying the exam- 
ple. Alternatively expressed, the example can 
serve as a guide for walking through the 
proof. Section III then illustrates the impor- 
tance of the no short sales assumption in the 
statement of (i) above. Finally, in the Ap- 
pendix, an alternate reformulation of my 
argument is presented. 

A note on terminology: throughout a per- 
fectly competitive seller is synonomous with 
one who faces a perfectly elastic demand for 
his product. Also, a seller with monopoly 
power is equivalent to one who faces a strictly 
downward-sloping demand curve for his 
product. 


I. Some Examples 


The examples that follow represent the 
heart of this paper. Example 1 is preliminary 
and illustrates that perfect competition and 
positive profits are perfectly consistent (as- 
sertion (iii) above). The intuition underlying 
(iii) is that under perfect competition, profits 
reflect the economic rent on a firm's superior 
technology. They -measure the "marginal 
product" of the firm's technology (see my 
1980a article for a formal demonstration). 
All subsequent examples of perfect competi- 
tion will also involve positive profits. 

Example 2 illustrates the basic idea un- 
derlying (iv) above and the rest of the paper, 
including all subsequent examples. It is in- 
tended to show that the belief that for per- 
fect competition there must exist many sellers 
of a good is just not true: many sellers may 
be sufficient for perfect competition, but it is 
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not necessary. Once this premise is given up, 
indeed is substituted by the more subtle 
thought that in some cases having only one 
seller, and no seller of good substitutes, may 
be consistent with perfect competition, the 
rest of the paper will be easy to understand. 
The subsequent examples place the idea of 
Example 2 into a stock market context. 

A note on terminology: $panning means 
that any one seller cannot change the menu 
of goods being marketed. In a stock market 
context, this means that no firm can change 
the set of available securities. In Example 2 
below and all subsequent examples, there 
will not be spanning because the unique seller 
of a good can effect its availability. Yet in 
these examples, the unique seller will still be 
a perfect competitor— face a perfectly elastic 
demand for his good—as will become clear . 
shortly. 

One final note on the examples may be 
useful before I proceed. The examples that 
follow all involve only a few individuals 
— they are finite examples— yet they will be 
examples involving perfect competition. This 
reflects some manipulation: finite examples 
with perfectly elastic demands have to be 
carefully constructed because they are events 
which occur on sets of measure zero. The 
reader may thus be tempted to dismiss the 
examples as mere curioso. This would be a 
mistake because the examples illustrate gen- 
eral principles of perfect competition (for ex- 
ample, assertions (i)-(iv) above) that apply 
to both finite and infinite economies. And 
while perfect competition, with or without 
unique sellers, is a rare event in finite econo- 
mies, it is a generic event in large economies. 
(The intuition of why what is extremely un- 
likely with small numbers becomes extremely 
likely^with large numbers is developed fur- 
ther below. See especially the discussion at 
the end of Example 3.) The advantage of the 
finite examples is that they are easier to 
understand because of the simpler mathe- 
matics involved; hence the general principles 
of perfect competition are much more plain 
to see.” 


"There is another way of expressing the above that 
may be more familiar to some readers; While my finite 
examples of perfect competition without spanning are 
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A. Example 1: Perfect Competition 
with Profits 


Suppose there are just three potential pro- 
ducers of a good X. Firm 1 can produce at 
most 4 units of X, at a cost of $1 per unit. 
Firms 2 and 3 can produce any number of 
X's, at a cost of $2 per unit. Finally, suppose 
the market demand for X is Dy —12-— Py. 
Then the competitive equilibrium price of 
: X's will be $2, with 10 units sold: 4 by firm 
1 and 6 by firms 2 and 3. (See Figures 1A 
and 1B.) 

While firm 1 earns a profit of $4 (really a 
rent on its superior technology), it is a per- 
fect competitor: if it tried to charge more 
than $2 per X, no one would buy from it, 
switching their demands instead to firms 2 
and 3; and the market for X's would still 
clear at $2, without firm 1’s production. Also 
note that firm 1 contributes no surplus to any 
of its customers: they can always go elsewhere 
and get the same consumers’ surplus. This 
illustrates a general principle: 

(v) A firm faces a perfectly elastic de- 
mand for its product if and only if it contrib- 
utes no surplus to any of its buyers (no 
surplus characterization of perfect competi- 
tion). 

Note that (v) does not say under perfect 
competition buyers get no surplus from 
purchasing any given commodity; rather, it 
says they get no surplus from purchasing it 
from any one given seller. Of course, if some 
agent is the only seller of a commodity in the 
economy—there are no perfect substitutes, 
so no spanning—the two statements collapse 
into one. (For a general proof of this no 
surplus property, see my 1980a article. Note 
the connection between (iv) and (v): (iv) 
provides a sufficient environmental condi- 
tion for perfect competition, while (v) pro- 
vides a characterization of perfect competi- 
tion, so, a necessary and sufficient condition.) 
The example illustrates that profits are not 
inconsistent with perfect competition (com- 
pare claim (c) above). 


certainly not “preference free," they become preference 
free “in the limit," ie, in the large numbers case. 
(Again see the discussion ending Example 3 below.) 
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FIGURE 1B. THE MARKET EQUILIBRIUM IN EXAMPLE 1 


As it stands, this is a partial equilibrium 
example, but it can easily be transformed 
into a general equilibrium one: Suppose there 
are ten individuals in the economy, each with 
a utility function 


(1) U,=12.X,-5X? - L, 


. where L, is individual i’s labor supply. Each 


individual can supply up to 10 hours of labor 
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and has no endowment of X's. Firm 1 can 
produce at most 4 units of X using 1 hour of 
labor per unit; it is owned by individuals 1 
and 2 in equal share. Firms 2 and 3 can 
produce X's at constant returns to scale 
using 2 hours of labor per X. If we let labor 
be the numeraire, that is, the wage rate is $1 
per hour, then it is easy to check that in 
general equilibrium the cost, demand, and 
supply curves will be as in Figure 1, with 
each individual consuming 1.X and each indi- 
vidual except 1 and 2 supplying 2 hours of 
labor; individuals 1 and 2 don't work, but 
finance their consumption via firm 1’s dis- 


tributed profits ($2 of profit go to each). As: 


before, profits are consistent with perfect 
competition; for example, if firm 1 tried to 
charge more than $2 per X, no one would 
buy from it, switching their demands instead 
to firms 2 and 3. Also all prices would re- 
main unchanged; that is, the markets for X 
and labor would still clear at $2 and $1, 
respectively, without firm 1’s production. 

In this example there is spanning since, 
even if firm 1 did not produce X's, the X's 
would be available from other firms. In the 
following examples, we will not have span- 
ning, but we will still have perfect competi- 
tion. 


B. Example 2: Perfect Competition 
without Spanning 


Suppose there are only three antique cars 
of a particular type available in the economy, 
all initially owned by one individual, A. Sup- 
pose each individual in the economy is will- 
ing to pay at most $10,000 to own one such 
car, $8,000 each to own two, $6,000 each to 
own three, and so forth. The market demand 
A faces is then as pictured in Figure 2a, 
where J is the number of individuals in the 
economy. Note if 7 «3 then in his effective 
range (3 or less cars) 4 would face a down- 
ward-sloping demand curve. But if J > 3 then 
he faces a perfectly elastic demand as far as 
he is concerned, as illustrated in Figure 2A. 

With 173, the competitive equilibrium 
price of cars would be $10,000: If any indi- 
vidual refused to pay this sum to A, some 
other potential buyer—who does not have a 
car— would bid the car away from that indi- 
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FIGURE 2A. MARKET EQUILIBRIUM FOR ANTIQUE CARS 
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FIGURE 2B. MARKET EQUILIBRIUM FOR SPECIAL, 
PRODUCED CARS 


vidual. Note again that the no surplus prop- 
erty is satisfied: no buyer of cars gets any 
surplus in buying them from A. However, 
now there is no spanning since A is the sole 
seller of antique cars. 

What makes this example work is not that 
cars are in inelastic supply, only that A is 
small relative to his market. To see this, sup- 
pose A is selling not antique cars but a 
special type car that only he knows how to 
produce. And suppose he has convex cost 
curves as pictured in Figure 2B. Again A 
faces a perfectly elastic demand in his effec- 
tive range and thus is a perfect competitor. 
He will produce x* cars, and sell them at a 
price of $10,000 each. 

It should be apparent from the above that 
the indivisibility of cars is also not crucial to 
the example. The next example, a variant of 
Example 1, should make this clearer yet. 

A warning against possible confusion: 
DeAngelo argues that without spanning, a 
seller cannot be a perfect competitor because 
he can dictate a finite price for his good (if 
made available) and an infinite price (if made 
unavailable) (see his article, p. 22). This 
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argument is misleading because it is based 
on an implicit presumption, or convention. 
Even.a unique seller of a good, given that he 
is a perfect competitor, will not be able to 
essentially affect the price of his good. Imag- 
ine a downward-sloping market demand 
curve for a good, which cuts the ordinate at 
some price p (for example, at $10,000 in 
Figure 2A). This price is obviously the maxi- 
mum of all potential buyers' reservation 
prices for the good. So, saying that all buyers' 
*perceived price" for the good is in the 
interval [ P, oo] may be analytically thought 
of as a way of saying the good isn't really 
available: at any price in [p,oo] no one 
wants to buy, or is at best indifferent at p. 
Which point in the interval one chooses is 
basically a matter of convention. My conven- 
tion is to say that when the good isn't avail- 
able, the perceived price is p, the maximum 
reservation price; DeAngelo's convention is 
to say it is infinity. The advantage of the 
former convention is that if there is a unique 
seller of the good who happens to face a 
perfectly elastic demand for the good at 
p—so he can get p for all units of the good 
he wants to sell, then whether or not he sells 
the good, its price won’t change. This con- 
vention is useful in that the theory of perfect 
competition, that a perfect competitor can- 
not affect prices, is robust to the case of a 
single seller. The same principles apply if 
there is one seller of a good or many (for 
example, assertions (i)-(v), above). The con- 
vention helps highlight this unity. 


C. Example 3: Perfect Competition with 
Profits and No Spanning 


As in Example 1, there are just two com- 
modities, X and L, and firm 1 can produce 
up to 4 units of X using 1 hour of labor per 
X. But now firms 2 and 3 do not exist, so, 
firm 1 is the only potential producer of X's. 

Let there be J individuals in the economy, 
each with the utility function 


Q g 


| 
1 


U - 4X, *G/D) X,— 3X? 


4X, — L if X, S 5/T; 


-L-iG/I) .ifX 5/1, 
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FIGURE 3B. AN INDIVIDUAL’S DEMAND FOR X’S 


A5 X 


FIGURE 3c. THE MARKET EQUILIBRIUM IN 
EXAMPLE 3 
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where J is a parameter depending on the size 
of the economy. Note as 7 becomes large, U, 
approaches 4X, — 1X? — L; since 5/I ap- 
proaches zero. A typical individual's indif- 
ference curves between X and — L (leisure) 
are illustrated in Figure 3. Note there is 
vertical parallelism, so all indifference curves 
have the same shape. They are convex, but 
begin with a linear segment until (5/1) X's 
are consumed. 

The importance of this linear segment is to 
insure firm 1 faces a perfectly elastic demand 
for X's. In particular, it is easy to check that 
each individual's demand for X's is as il- 
lustrated in Figure 3B (again L is the 
numeraire, so the wage rate is $1). Conse- 
quently, the market demand is as illustrated 
in Figure 3c. And in a competitive equi- 
librium each individual consumes 4/7 units 
of X and each individual except 1 and 2 
works 16/I hours. Individuals 1 and 2 do 
not work, but even hire 6—16/J units of 
labor (servant services) out of firm 1’s dis- 
tributed profits ($6 to each). 

As in the previous examples, observe that 
the no surplus characterization of perfectly 
elastic demand holds: no buyer gets any 
consumer's surplus from purchasing X's from 
firm 1. And profits are consistent with per- 
fect competition. But again there is no span- 
ning. 

Also note that as J gets larger and larger, 
the linear segment in each individual's indif- 
ference curves—needed to insure firm 1 is 
small relative to his market —gets smaller 


and smaller. In the limit, as I approaches . 


infinity, the indifference curves approach a 
smooth, strictly convex shape. This illustrates 
another general principle: 

(vi) In finite economies, there must be 
some linearity in the production possibility 
frontier or aggregate net trade set to insure 
perfect competition. But in large economies 
— with many buyers but not necessarily many 
sellers of each commodity— differentiability 
or smoothness replaces linearity as sufficient 
for perfect competition. 

This is intuitive since a differentiable func- 
tion or smooth curve is locally linear to a 
first-order approximation. And it is con- 
sistent with the (correct) intuition that in 
large economies perfect competition is sig- 
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nificantly more likely than in finite ones. 
This is because in large economies all buyers 
and sellers are almost automatically, by con- 
struction small relative to their markets 
(compare assertion (iv) above; for general 
proofs of (vi), see Ostroy, 1980, 1981, or my 
1980c paper). 

I turn next to a stock market example, 
illustrating assertions (i) (iii). 


D. Example 4; Perfect Competition 
in a Stock Market Economy with 
Profits and No Spanning 


This is a slight variant of the preceding 
example: suppose there are two periods, no 
uncertainty, and just two consumption goods, 
Y and X; where Y represents the first-period 
consumption good and X the second-period 
consumption good. Again there are 7 individ- 
uals in the economy. Each has the utility 
function 


(3) | W-4X-Y, if X, x 5/1; 
V,- AX, + (5/1) X, -3X? 


+¥-4(5/1 if X,>5/1. 


Each is endowed with 10Y’s and no X’s. 

Again, there is only one firm in the econ- 
omy. It can produce up to 4 units of X using 
l unit of Y as input per X produced. The 
firm is initially owned by individuals 1 and 
2, who hold one-half share each. Also, there 
are no bonds or futures markets. So, individ- 
uals can only transfer purchasing power be- 
tween periods by transacting on the stock 
market (i.e, by buying and selling shares in 
the firm). 

Letting Y be the numeraire (so its price is 
$1 per unit), a typical individual's demand 
for X's is illustrated in Figure 35, and the 
market demand is illustrated in Figure 3c. 
Consequently, a security promising to pay x 
units of X in period 2 would sell for $4x 
provided the number of such securities sup- 
plied, n(x), satisfies n(x)x « 5; for example, 
if there were n shares marketed by the firm, 
each entitling its holder to 1/nth of the 
firm's second-period return (initial owners 
paying for input costs), the price of such a 
share would be $4X,/n (where X, is the 
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price of a security 
returning x units of X 
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$4x 
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FIGURE 4. THE SECURITY MARKET EQUILIBRIUM 


firm’s second period output). (See Figure 4.) 
Note that since the firm can produce at most 
4X’s, X;<4; so, n(x)x $4. Alternatively 
expressed, in its effective range the firm faces 
a perfectly elastic demand for its shares. 

Clearly, the initial owners would like the 
firm to maximize its net market value—which 
is exactly analogous to maximizing profits in 
the preceding example. That is, the owners 
unanimously want it to produce 4X’s, so 
each share will sell for $16 (assuming the 
firm does not issue any new shares).? Then, 
in a competitive equilibrium each individual 
consumes 4/J units of X, costing $16/J. 
Thus, each individual except 1 and 2 con- 
sumes 10— 16/7 units of Y, while 1 and 2 
consume 16 — 16/7 units of Y each. Note if 
Y= — L, the consumption is the same as in 
the preceding example. But now in an equi- 
librium each individual holds 1/7 shares, so 
individuals 1 and 2 sell 1/27 shares each to 
individuals 3,4,...,7. Individuals 1 and 2 
thus earn a total of $16(J —2)/2J each from 
sale of shares; or, net of input costs, $6 — 16/7 
each. 

As in Example 3, notice that no buyer 
obtains any surplus from buying shares in 
the firm: the no surplus characterization of 
perfectly elastic demands is again illustrated. 
Also, perfect competition implies unanimity 
even without spanning: the firm's shares have 


3It is easy to extend the example to allow the firm to 
finance investment by issuing new shares. As should be 
obvious from Figure 4, a Miller-Modigliani-type irrele- 
vance of financing result would then emerge. 
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no substitutes in this example. Finally, notice 
that initial shareholders are not just indiffer- 
ent about the firm's objective: if the firm 
produced less than 4 X's, its net market value 
would fall and all initial shareholders would 
be strictly worse off, although no buyer of 
shares would care since the price of the 
firm's shares would remain at the buyers' 
reservation price. 

Thus, the example establishes the validity 
of my assertions (ii)- (iii), and illustrates (i). I 
am now ready to demonstrate the general 
validity of (i). Afterwards, the importance of 
the no short sales requirement will be dis- 
cussed.* 


Il. Perfect Competition and Unanimity 


I shall now demonstrate assertion (1) above. 
To proceed, simply delete DeAngelo's As- 
sumption 8 (p. 22), and replace his Assump- 
tions 4 and 9 with the following. 


ASSUMPTION 4*: (No short sales of unique 
securities by initial shareholders.) If a firm 
can change the availability of any pattern of 
state claims (i.e., any given type of security) 
by altering its production or capital structure 
decisions, then no initial shareholder would 
go short in that security. That is, either short 
selling of that security is not possible or no 
initial shareholder would want to go short in 
the security.? 


ASSUMPTION 9*: ( No surplus characteriza- 
tion of perfectly elastic demand for shares.) 
The production and capital structure deci- 
sions of any given firm do not affect the 
market price of current consumption goods 
or securities marketed by other firms. And, if 
these decisions make available (or make un- 


^Examples of perfect competition with uncertainty 
can easily be constructed along the lines of Example 4. 
For one such example see my forthcoming article. Other 
examples, including one similar to Example 2, appear in 
Hart (19792). 

>The reader may, as a first approximation to As- 
sumption 4*, simply assume that if a firm's shares are 
not spanned by existing securities then short selling of 
its shares is not possible. This is strictly stronger than 
Assumption 4*, but also simpler. Hence, it will be easier 
to keep in mind. 
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available) any pattern of state claims (i.e., 
any given type of security), the market price 
of that security would be (was) sufficiently 
high so that no buyer of the security gains 
(loses) any consumer's surplus from the firm's 
decisions. 


The demonstration of (i) now simply fol- 
lows the lines of DeAngelo's argument. As a 
result of Assumptions 4* and 9*, in a com- 
petitive market a firm's decisions can affect 
individuals' consumption opportunities only 
, through changes in personal wealth. The set 
- of attainable current consumption goods and 
their prices are fixed. While a firm may 
affect the set of available securities, those 
whose availability may change with a firm's 
decisions will never be available at a price 
below any potential buyer's reservation price, 
so their availability or unavailability does 
not matter to any potential buyer; and given 
Assumption 4*, it also does not matter to 
any potential short seller among the initial 
shareholders. But, for any initial shareholder, 


more wealth results in unambiguous- 
ly greater consumption opportunities 
so that optimal corporate decisions 
are those which maximize personal 
wealth.... Now, a given firm's deci- 
sions are | perceived as affecting an indi- 
vidual’s wealth only through their im- 
pact on his proceeds from the t — 0 net 
value of that firm (Assumption 7 im- 
plies no cash flow impact on other 
firms and Assumption 9[*] implies no 
perceived valuation impact). And since 
every original owner shares propor- 
tionately in net firm value (by Assump- 
tion 6), maximizing net firm value is 
unanimously supported because it 
simultaneously maximizes the personal 
wealth and therefore the consumption 
opportunities of every owner. 
[DeAngelo, p. 23] 


This completes the demonstration of (i). 
Note that if a firm cannot change the avail- 
ability of any given type of security then, as 
in DeAngelo, it does not matter to the una- 
nimity result whether or not the security may 
be sold short (provided any short selling is 
limited by a constraint against personal de- 
fault). 
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Also note that, as in DeAngelo, if old 
financing is protected by an nonexpropri- 
ation clause, then the unanimity result can 
easily be extended to include “ex post 
shareholders." So there is no potential con- 
flict between ex ante and ex post share- 
holders wishes. Finally, note that I have 
actually established a stronger result than (i), 
since I have also shown that, under perfect 
competition, if one is not a shareholder in 
the firm then one will be indifferent about 
the firm’s production and capital structure 
decision, provided one does not want to go 
short in the firm’s shares. 


MI. Short Selling and Unanimity 


To understand the role of the no short 
selling Assumption 4*, it is best to consider 
another simple example. 


A. Example 5: Perfect Competition 
without Unanimity 


As in Example 4, there are two periods, no 
uncertainty, and just two consumption goods, 
Y and X. Also, there are no bonds or futures 
markets, and only one firm. Thus, individu- 
als can only transfer purchasing power be- 
tween periods by buying and selling shares in 
the firm. 

The firm possesses only one possible pro- 
duction activity, to produce LX using 6Y's 
as input (Le. its production possibility set 
contains only two points (—6,1) and (0,0)). 
And the firm is initially owned by individu- 
als 1 and 2, who hold one-half share each. 

Suppose now that individuals 1 and 2 only 
like consumption in period one, that is, each 
has a utility function V; — Y,, where i —1,2; 
and each is endowed with 10 units of Y and 
1j units of X. All other individuals i= 
3,4,...,I +2 again have preferences given by 
(3) and are initially endowed with 10Y 's and 
no X’s. (Note I am now assuming there are 
I +2 individuals in the economy, where J +2 
> 2.) 

Figure 4 again shows the market demand 
for securities, so in the absence of short 
selling, the firm faces a perfectly elastic de- 
mand for its shares and shareholders unani- 
mously favor net market value maximization. 
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That is, they favor no production since pro- 
duction would entail a net loss of $2: the 
marginal cost of an X, $6, exceeds anyone's 
marginal valuation of an X, $4. The compet- 
itive equilibrium with no short selling would 
involve autarky. 

But if short selling were possible, then 
both initial owners would like the firm to 
produce, in spite of the consequent loss! To 
see this observe that if the firm produces 
(— 6, 1), the input cost of individuals 1 and 2 
is 3Y each; and a short sale of a share in the 
firm is a promise to deliver a unit of X in 
period 2. So if individual 1 or 2 sells 1} 
shares short— the most he can sell short given 
his endowment of X's—and also sells his 
initial holding of + share in the firm, he can 
earn 8Y gross or 5Y net of input costs. He 
can thus consume 15Y's instead of only 
10Y's (his consumption under autarky). 

More specifically, in a competitive equi- 
librium with short selling, each individual 
except 1 and 2 consumes 4/J units of X 
(costing $16/7), and 10— 16/1 units of Y; 
each purchases 4/J shares yielding 1X per 
share and costing $4 per share. Individuals 1 
and 2 consume no X's and 15Y’s; each sells 
2 shares (14 short) earning $8 or, net of 
input costs, $5 each. Note the loss to individ- 
uals 1 and 2 from the firm's production ($1 
each), is more than compensated for by the 
gain from short selling ($6 each). Also note 
that even with individuals 1 and 2 selling 
shares short, the firm faces a perfectly elastic 
demand for its shares. In particular, Figure 4 
illustrates the security market equilibrium 
(now with short selling). Thus it is indeed the 
violation of Assumption 4* rather than a 
violation of the perfect competition assump- 
tion that leads to the failure of net market 
value maximization in this example. 

The failure of market value maximization 
here is due to a peculiar type of externality: 
while a perfectly competitive firm's net 
market value internalizes all the benefits that 
accrue to buyers of the firm's shares (this 
follows from the no surplus characterization, 
(v), and is the intuitive reason underlying the 
validity of (i) it does not reflect any of the 
benefits that accrue to short sellers: they only 
deal with third parties and do not affect the 
firm's share price (in accordance with the 
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perfect competition assumption). The firm 
only creates an external benefit for them by 
opening up the market for its shares. 

A final note about the example. In this 
example both shareholders want the firm to 
produce at a loss. But in general there will be 
no unanimity without Assumption 4*, even 
urider perfect competition. To illustrate this, 
change Example 5 so that only individual 1 
has preferences V, while individual 2 has 
preferences V. Then it is easy to check that 
if J —3, only individual 1 will want the firm 
to produce at a loss, individual 2 favoring no 
production and autarky. 


IV. Summary 


I have shown that even if a firm's shares 
are unique, if a firm is a perfect competitor 
and there are no short sales of the firm's 
shares, then net market value maximization 
will be unanimously favored by its initial 
shareholders. 

If the firm's shares are spanned by other 
existing securities, the no short sales restric- 
tion may be eliminated. But if they are not 
spanned and short selling of the firm's shares 
is possible, then there will in general be no 
unanimously favored objective for the firm 
(Example 5). 

I have also shown that whether or not 
there is spanning or short selling, perfectly- 
competitive conjectures can be correct in a 
general equilibrium environment in which 
firms have a positive net market value. 

More sharply expressed, spanning is fun- 
damentally irrelevant to the existence of per- 
fect competition (Examples 2-5). And, in the 
absence of short selling, it is also fundamen- 
tally irrelevant to unanimity. 


APPENDIX: A BRIDGE TO THE 
FINANCE LITERATURE 


In the finance literature, the perfect com- 
petition assumption is sometimes expressed 
that each individual conjectures that his im- 
plicit prices on state contingent income will 
be unaffected by any firm's change in its 
investment decision (for example, see David 
Baron’s survey article). To form a bridge 
with this literature, it may be helpful to 
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reexpress Assumption 9* in these terms, and 
to sketch an alternative proof of (i) which 
explicitly uses individuals' implicit prices. For 
simplicity, in the sequel I shall strengthen 
Assumption 4* to assert that there is no 
Short selling of shares. The reader should 
easily be able to extend the argument to the 
case when there is short selling, but no one 
wants to go short in unique securities. 
Following Baron’s version of the “stan- 
dard finance model,” let V;(x9) represent the 
value of firm j's shares in a security market 
equilibrium corresponding to investment xp 
= (X19,---,Xyq) by firms, where x; repre- 
sents firm j’s investment decision, j=1...J. 
Then, from the first-order conditions for an 
individual optimum, we know that for any 
individual i, i —1...7, and all firms j —1...J. 


(A1) V(xo) 2 È Pu Xo) f (Xjo); 


and a strict inequality implies a;;(xo) — 0, 
where p;,(xo) is i’s implicit price for income 
in state s, s=1...S, in the stock market 
equilibrium corresponding to investment xo; 
fj, is firm j’s production function in state s; 
and a; í C9) is i's ex post shareholdings in 
firm j, 1n the stock market equilibrium corre- 
sponding to xj. Intuitively, (Al) just says 
that individual i will buy shares in j up to the 
point where his personal marginal. valuation 
of shares in j equals their market value. And 
if the latter exceeds the former even when i 
holds none, then the no short selling con- 
straint must be binding for i. (To derive (A1) 
simply follow Baron's argument to his equa- 
tion (2), adding the complementary slackness 
condition resulting from our no short selling 
constraint.) 

Similarly, if firm j changed investment to 
X;o + Ax,9 while all other firms j’ remained 
at Xj, in the new security market equi- 
librium corresponding to x, + Ax;ge; (wheré 
e, represents the unit vector in R” with zeros 
except in thejth component), for alli=1...J, 


(Al) V. (xo + Axjee;) 2 Le Pis(Xo + Axjee;) 
x fi Xo + Axo); 


and a strict inequality implies a, (x9 + 
Axjoe;)= 0. 
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The perfect competition assumption of fi- 
nance literature may now be expressed by 
saying pj, (xo + Axjoe;) = pi, (xo) for all i, j, 
and Ax.. If this assumption is correct, then 
(A1) plus (At) clearly imply that each indi- 
vidual i conjectures for all j and Ax, 


(A2) V, (Xo + Axyee;) 


= max{ È Pi to) fis (xjo 2 Axy)) ` 


Now (A2) can be used as a substitute for 
Assumption 9* since it essentially expresses 
the same idea. Note the intuition behind 
(A2): if the equals sign in (A2) were replaced 
by a greater than sign, no one would be 
willing to hold j’s shares, given (A1^ and the 
competitive assumption; if it were replaced 
by a less than sign, some individual's p,,’s 
would have to fall from p,,(x9) when j 
changes to xjj-- Axjo (recall (A1’)), con- 
tradicting the competitive assumption. 

Now to prove (i) using (A2), first verify 
that given the competitive assumption there 
is no consumption effect, only a wealth ef- 
fect, from any changes in investment. So, 
each initial shareholder i in firm j will favor 
Xjo + Axjo to x, if and only if the gain in 
share value exceeds its investment cost, that 
is, if and only if, 


(A3) V/(xo** Axjee;) z V,(xo)-- Axo, 


where V/(xo + Axjoe;) represents i's conjec- 
tures about j's value in the security market 
equilibrium corresponding to investments xo 
+ Axjoe;. (To verify (A3),. follow the argu- 
ment in the text, above; alternatively, for 
infinitesimal changes, follow Baron's argu- 
ment to his equation 8.) Next, it is usual to 
complete the proof of unanimity by invoking 
spanning to show the y; 's are the same for 
all individuals i; for example, see Baron's 
argument from his equation 8 to his equation 
10. But we bave already seen that if individu- 
als' competitive conjecture are correct, then 
for all individuals i V/(xo + Axjoe;) = V(xo 
t Axjge;) as defined in (A2) above. That is, 
the line of proof using spanning is unneces- 


sary. 
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Private Discrimination and Social Intervention 
in Competitive Labor Markets 


By SHELLY J. LUNDBERG AND RICHARD STARTZ* 


Do laws forbidding discrimination reduce 
allocative efficiency? A common thread in 
economists' discussions of equal opportunity 
laws has been a presumption that equal pay 
and/or quota constraints placed on firms act 
as transfer mechanisms which, as a rule, 
cause efficiency losses. The implicit model 
which commentators employ, however, is 
based on competitive markets with perfect 
information, so that it is unclear how dis- 
crimination could have arisen in the first 
place. Our purpose in this paper is to con- 
sider the efficiency effects of equal opportun- 
ity type intervention in the context of a 
conventional model of discrimination; that 
is, one which does not depend upon dif- 
ferences in innate ability between groups of 
workers to produce differences in wages. 

The economic analysis of labor market 
discrimination has produced two general 
types of models: *taste" discrimination and 
informational or “statistical” discrimination. 
Taste models, such as Gary Becker's proto- 
type, produce wage differentials based on the 
preferences of majority employers, em- 
ployees, and customers, but of a type which 
should not generally persist in competitive 
markets. Statistical models, on the other 
hand, demonstrate that treating two groups 
of workers differently may be the rational 
response of firms to uncertainty about an 
individual's productivity. In this case, per- 
sistent wage differentials may arise between 
workers with the same productivity who be- 


*University of Pennsylvania and National Bureau of 
Economic Research; and the Wharton School, Univer- 
sity of Pennsylvania, respectively. We acknowledge 
helpful comments from Charles Brown and an anony- 
mous referee. 

lFor example, Finis Welch, in the course of an 
illuminating discussion of affirmative action enforce- 
ment (1981), constructs a simple model in which equal 
pay for workers who differ in ability does indeed distort 

` occupational choices and cause efficiency losses. 
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long to different, identifiable groups, even in 
competitive markets. 

We present a simple model of statistical 
discrimination and examine the effects 
of prohibiting group-specific treatment of 
workers on both net social product and the 
distribution of income. The agents are com- 
petitive firms who pay wages equal to the 
expected value of a worker's marginal prod- 
uct, conditional upon all information avail- 
able to them, and income-maximizing 
workers who decide on the size of their hu- 
man capital investments based on known 
wage schedules. Each worker is characterized 
by a level of innate ability, and by affiliation 
with one of two groups. Firms are able to 
assess the marginal product of members of 
one group more reliably than for the second 
group's members, and so offer different wage . 
schedules. The main result is that the alloca- 
tion achieved by rational agents in this labor 
market can be improved by prohibiting dis- 
crimination based on group membership. 


I. Imperfect Information and Discrimination 


Consider two groups of workers, defined 
according to race, sex, or some other easily 
observable, exogenous, characteristic. Each 
group contains individuals with varying levels 
of ability or skill which determine their 
marginal products in any employment. 
Risk-neutral firms, though they know the 
density functions which describe the distri- 
bution of ability for each type of worker, 
cannot observe directly the marginal product 
of an individual i, MP,. They do, however, 
observe a test score 7; which is some func- 
tion of the worker’s marginal product and 
group membership, J,. 

The group index J, will enter this relation- 
ship if the testing procedure differs across 
groups; that is, is biased or less reliable for 
one or the other. Since all firms are equally 
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effective in assessing MP, via the test, a 


competitive equilibrium will involve paying. 


each individual a wage, w,, equal to the ex- 
pected value of marginal product conditional 
on the test score and group membership; 
that is, w,  E(MPjT;, I;). The wage sched- 
ule w(7;) will generally be different for the 
two groups, though for each group the aver- 
age wage wil equal its average marginal 
product.” 

Dennis Aigner and Glen Cain (1977) pre- 
sent a simple model of statistical discrimina- 
tion, based on that of Edmund Phelps (1972), 
which illustrates the general characteristics 
of this approach. They assume that the exog- 
enously given (normal) distributions of pro- 
ductivity in each of two groups of workers 
(black and white) are identical. The test 
scores which firms observe, however, are 
more reliable indicators of ability for whites 
than for blacks. Thus, 


T? = MP,+e?;  Z"- MP e, 


where o5 oj. 


It is straightforward to show that the equi- 
librium wage is a weighted average of mean 
productivity and the individual's test score, 
where the test score of a black worker is 
weighted more lightly than the test score of a 
white worker. The wage schedule w*(7;?) 
will have a smaller slope than the schedule 
w(T,”), though mean wages will equal mean 
productivities, which are identical for the 
two groups. High-scoring blacks will thus be 
paid less than whites with the same test 
score; the reverse will be true for workers 
with low scores. 

Does the equilibrium represented in Fig- 
ure 1 constitute discriminatory treatment of 
black and white workers? A definition of 
economic discrimination is required to 
answer that question. The most literal mean- 
ing of “to discriminate” is “to differentiate,” 


?We assume that firms are able to assess average 
group productivity accurately, but not the productivity 
of individual workers. Wage differentials between equally 
skilled workers, however, may be allowed to erode slowly 
as each firm acquires information about individual pro- 
ductivities without changing the essential character of 
the model. 
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and differential treatment alone might be 
commonly accepted. as evidence of dis- 
crimination. In this sense, the separate wage 
schedules faced by two groups of workers 
with identical distributions of productivity 
are discriminatory. 

However, Aigner and Cain argue cogently 
that economists should not call this a dis- 
criminatory equilibrium, since groups with 
the same average productivity receive the 
same average compensation. Only a violation 
of this condition would be evidence of dis- 
crimination. In a perfectly competitive labor 
market, where firms pay each worker his 
expected marginal product according to an 
unbiased predictor, a nondiscriminatory 
equilibrium according to Aigner and Cain's 
definition: is guaranteed? Note that in a 
competitive market with perfect information, 
the absence of discrimination of the first sort 
is guaranteed as well. Only systematic dif- 
ferences in the quality of information avail- 
able for the two groups of workers will cause 


5Aigner and Cain describe a model which relies upon 
employer risk aversion to produce different mean wages 
for blacks and whites. This is discriminatory according 
to the criterion that groups with equal average produc- 
tivity be paid unequal average compensation. However, 
each group is still compensated according to its contri- 
bution to the value of the firm, which now depends on 
risk as well as expected productivity. vs 
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rational employers to set different wage 
schedules. 

Part of the disagreement over what con- 
stitutes discrimination can be traced to the 
fact that two different questions are being 
asked. The legal system typically wants to 
know whether a particular employer is re- 
warding all employees according to a single 
standard. Economists are concerned with 
whether the structure and operation of the 
labor market is such that workers are com- 
pensated efficiently (and perhaps equitably). 

What implications do existing informa- 
tional models of discrimination have for the 
efficiency of labor market equilibria? Since 
the wage schedules have no real effects on 
resource allocation (i.e., on labor supply or 
on the sorting of workers among jobs in 
which their productivities differ) the sole ef- 
fect of discrimination is a redistribution of 
income among workers with the same level 
of ability. A crucial assumption is stated by 
Aigner and Cain, "Our focus is on labor 
market discrimination, which means we will 
generally assume that the worker's pre-labor 
market investments and endowments are 
given" (p. 177). Figure 1 thus represents a 
partial equilibrium model in which wages are 
competitively determined, but the actions and 
characteristics of workers are taken to be 
` exogenous. 

We propose to depart from this frame- 
work, and in doing so offer a generalization 
of the standard definition of economic dis- 
crimination. 


DEFINITION: Economic discrimination 
exists when groups with equal average initial 
endowments. of productive ability do not re- 
ceive equal average compensation in equi- 
librium. 


In this paper we recognize that human 
capital investment decisions will be affected 
by.the presence of labor market discrimina- 
tion and model this dependence explicitly. If 
wages are based on the results of an imper- 
fect test, the returns to an investment in 
skills which cannot be directly observed are 
reduced. The result is a suboptimal level of 
human capital which will vary over groups if 
the quality of testing varies. We show in 
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what follows that equilibrium allocations un- 
der this type of imperfect information are 
discriminatory and can be improved by such 
simple forms of labor market intervention as 
enforcing group-blind compensation rules.* 


II. Informationally Efficient Discriminatory 
Equilibria 


We assume that workers have certain char- 
acteristics, both innate and acquired, which 
determine their productive abilities. These 
characteristics are distributed randomly in 
the population. Each worker knows his own 
characteristics exactly and invests in acquir- 
ing human capital to the point where the 
marginal cost of further investment just bal- 
ances the increment to wages produced by 
the increased investment. It is important to 
note that human capital investments in our 
model do not consist merely of formal 
schooling, but of acquired abilities in the 
more general sense described by Kenneth 
Arrow: “Hence, the investments are not the 
usual types of education or experience, which 
are observable, but more subtle types of per- 
sonal deprivation and: deferment of gratifica- 
tion which lead to the habits of action and 
thought that favor good performance in 
skilled jobs...” (1973, p. 27). 

Employers know the density function de- 
scribing the distribution of characteristics 
through the population and observe a “test 
score” for each worker that provides infor- 
mation about the worker's marginal product,’ 
but do not observe endowed or acquired 
human capital directly. The employer then 
offers a wage equal to the conditional expec- 
tation of the worker's marginal product. We 
set out below a simple stochastic model 
of worker characteristics and calculate the 
unique linear rational expectations equi- 
librium. 2 


^The idea that anticipated labor market discrimina- 
tion may affect education decisions has a long history in 
this literature. For example, it is a major theme in 
Welch (1967). 

5 This test score need not result from a literal “test,” 
but is simply a summary measure of all information the 
employer is able to acquire during the hiring process 
and on the job. It may include, for example, years of 
formal schooling and years of work experience. 
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Each worker produces a marginal product 
MP, that depends on innate ability a; and 
acquired ability X,. The desired level of X; 
can be purchased by each worker at increas- 
ing marginal cost, reflecting diminishing re- 
turns to time and money spent on training 
activities and increasing disutility of fore- 
gone leisure. Formulae for marginal product 
and the cost of acquired training are 


(1) MP, =a, + bX;; 
Q) c(x)e5cX?, C'(X)- cX. 


In a full-information equilibrium, every 
worker purchases b/c units of education at 
a cost .5b?/c. The per capita net social prod- 
uct of education is 


(3) MP(X,)- MP(0)— C( X;) = .5b?/c. 


Employers do not observe true productiv- 
ity, but rather a test score, 7;, for each worker. 
The test measures the workers marginal 
product with a random error: 


(4) T, = MP, + £. 


The worker characteristics a; and e, are 
drawn from a bivariate normal distribution 
with known parameters 4, ë, 02,02. We as- 
sume that a; and e; are uncorrelated, though 
this assumption is not crucial. Workers know 
their own individual characteristics and max- 
imize wages net of education costs. Em- 
ployers are competitive and maximize profits 
by setting wages equal to the expected value 
of marginal product, conditioning the expec- 
tation on all available information. The 
parameters of the joint density function, as 
well as b and c, are public knowledge. 

There exists a unique linear rational expec- 
tations equilibrium for wages and human 
capital investments. In determining this equi- 
librium, workers look to the wage offer 
schedule to decide on the optimal level of 
human capital investment, and firms look to 
the joint distribution of test scores and 
marginal product to decide on the wage offer 
schedule. As a solution technique, we ini- 
tialy write optimal human capital invest- 
ment as a linear function of worker char- 
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acteristics with undetermined coefficients, as 
in (5) below. Properties of the equilibrium 
solution below allow us to fix unique values 
for the coefficients and thus completely char- 
acterize the equilibrium: 


(5) X, = Po + Paa; + D,6;- 


The firm’s problem is to establish a wage 
offer schedule as a function of test scores: 


(S w= E(MBIT) = ET; eT) 
e E(e,T;). 


Since the test score is a linear function of 
normal random variables, the test score itself 
is normally distributed with mean T= bp, 
-F (14 bp,)à -- (1-- bp,)é and variance o2 = 
(1+ bp,) 02 +(1+ bp,)?o2. The test score T; 
and test error e, have a bivariate normal 
distribution with correlation coefficient (1+ 
bp,)o,/o,. The expectation of e; conditional 
on T; follows immediately: 


(7) E(s)) =é+[(1 + bo,)o27o2][1; - T ]. 


For convenience, we write the coefficient 
of the test score in (7) as (1— 8). Substitut- 
ing (7) into (6), we write the wage schedule 
offered by employers as 


(8) w,=MP+ B(T, — T ). 


Note that if £— 0, the individual wage is a 
simple weighted average of the group mean 
and individual test scores. 

Each worker faces the wage schedule (8) 
with certainty and invests in human capital 
to the point where the marginal cost of 
acquiring more training equals the marginal 
increase in wages. An additional unit of X 
increases the worker's marginal product and 
test score by b, so that wages rise by fb. 
The equilibrium level of acquired human 
capital is 


(9) X; = Bb/c 
for all workers. 


Since the marginal cost of and marginal 
returns to each unit of X are identical across 
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workers, X is nonstochastic in equilib- 
rium— p, and p, in (5) are identically zero. 
The equilibrium value of f is 


(10) B — o;/ot 


so that B, which is also the ratio of marginal 
private to marginal social returns to acquired 
human capital, is between zero and one and 
depends only upon the relative sizes of the 
variances of innate ability and testing error. 
Since MP, = a, + Bb?/c and w, =MP+ 
Bila; — a)-- (s; — &)], it is easy to show that 
W — MP and that o2 = Boz,» = fo. 
The net social product of education is 


(11) MP(X,)— MP(0)- C(X;) 


= B(b’/c)(1- B/2) 


so social welfare increases monotonically with 
B. Private markets result in an underinvest- 
ment in education.® 

We now consider discriminatory equi- 
libria. Suppose that workers are drawn from 
two subpopulations, the star group (*) and 
the dagger group (1). We assume the groups 
have identical mean innate characteristics d 
and ë and the same test variance o7. The 
only innate difference between the two 
groups is that the star group has relatively 
heterogenous innate ability and relatively 
homogeneous testing ability as compared to 
the dagger group.’ Algebraically, o2(*) 
c2(1) and o2(*) « o? (t). Using (10) we have 
p* » pt. 


$Note that there is a first best policy the government 
could use to achieve social efficiency. It could order 
employers to use wage offer schedules with a coefficient 
of unity on test scores or subsidize wages at a rate of 
(1— B) per unit test score. However, the implementation 
of such a policy is not likely to be straightforward. We 
have assumed for simplicity that the test score and 
marginal product are measured in the same cardinal 
units, but this need not be true for the purposes of the 
model. To relax the restriction would require, for a first 
best solution, that the government know the relationship 
between test score and marginal product for each em- 
ployer. 

"Suppose, for example, that personnel managers are 
all members of the star group, and are more effective at 
assessing workers who are members of their own group. 
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Employers rationally discriminate between 
the star group and the dagger group by 
offering separate wage schedules. Workers in 
each group respond to their available oppor- 
tunities and separate equilibria are calculated 
as above. The star group, whose test scores 
are more reliable indicators of productivity, 
becomes the high-wage/high-training group. 
Every member of the star group acquires 
(B* — B')b/c more training than every 
member of the dagger group, since the 
marginal return to each unit of X is higher. 
The average wage for each group, however, is 
equal to the group average marginal product. 

Suppose the star group makes up a per- 
cent of the population and the dagger group 
the remaining 1 — a percent. Total training is 
(aB*--(1— a)8*)b/c and the net social 
product of training is 


(12) 
[ag*(1— 8*2) (1— a) Bt(1— 81/2)] P?/c. 


Wage schedules for the star and dagger 
groups are reproduced in Figure 2. Does this 
situation constitute labor market discrimina- 
tion? Regression tests of wages against test 
scores would reveal that the two groups are 
paid according to different schedules with 
star workers receiving larger raises for 
increased test scores, and higher average 
wages, than dagger workers. As Figure 2 
shows, the average wage differential is more 
than can be explained by the difference in 
training using either the star or dagger sched- 
ule to calculate the wages due to increased 
training. In fact, for two workers with identi- 
cal test scores, the star worker will generally 
receive the higher wage, the situation revers- 
ing only at very low test scores. 

The legal system would almost certainly 
consider this equilibrium to be one of illegal 
discrimination, since dagger workers are gen- 
erally paid less than star workers even after 
accounting for all observable individual 
characteristics. An economist, however, might 
disagree, since each worker is paid a wage 
equal to expected marginal product, and the 
average wage for each group is equal to that 
group's average marginal product. In our 
model, however, this is not an adequate test 
for discrimination, since productivities are 
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endogenous. Differences in group average 


productivities are a direct result of the incen- 
tives provided by employers and embodied 
in the wage schedule. Since different average 
wages are paid to groups whose average levels 
of “premarket” (in this case innate) abilities 
are the same, the labor market equilibrium 
depicted above is an example of economic 
discrimination as defined in Section I. 


IH. Socially Preferable Nondiscriminatory 
Equilibrium 


We demonstrate that a policy forbidding 
separate wage schedules for star workers 
and dagger workers results in an increase in 
allocative efficiency. Consider the conse- 
quences of the following policy restriction: 
employers may offer wages equal to the ex- 
pectation of a worker's marginal product 
conditioned on his test score, but may not 
consider group membership. 

We now derive the linear rational expecta- 
tions equilibrium by arguments analogous to 
those in Section II. The key step is the der- 
ivation of E(c,|7;). A few intermediate calcu- 
lations are required because the joint density 
function of e, and T; is no longer bivariate 
normal. Let f(-) represent the density func- 
tion of the mixture and f*(-) and f (-) rep- 
resent the densities for the star and dagger 
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groups. The density function of the mixture 
is 


(13) 
f (s. 7) = af*(e, T) - (17 a) (e. T). 


Suppose, as we shall demonstrate, that 
there exists a linear rational expectations 
equilibrium. Let f be the (as yet unde- 
termined) coefficient of the test score in the 
wage offer equation. Every worker, star and 
dagger, will choose Bb/c units of education, 
so that X, is nonstochastic. The density func- 
tions f*(-) and f*(-) are therefore bivariate 
normal as in Section II, except that star and 
dagger functions share a common mean test 
score which may differ from the mean test 
score of either group in the discriminatory 
equilibrium. 

To find the conditional expectation, we 
need to find the conditional density function 
SEIT) = fe, T,)/ f (T;), where fr(T;) is the 
marginal density function with respect to T. 
This marginal is a weighted sum of the star 
and dagger marginal densities, which are 
identical by construction, so 


(14) fA. = ffs. T,)de; 
-aff*(s. T;) de, +(1—a) ffi; T;) de; 
= aff(T;) - (1- «) fF (17) 


The marginal distributions with respect to 
T are N(T, o2) for both the star and dagger 
group, and therefore for the mixture as well. 
The conditional density for the mixture is a 
weighted sum of the individual conditionals, 
given (13) and (14). 


(15) f(slT.) = af*(sIT;) (1— a)/!(s7;). 


Since expectation is a linear operator, 


(16) 
E(¢\7;) = aE*(e7;)* (1— a) E'(sIT;). 
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Using the properties of bivariate normal 
distributions once again we have 


(17) E(sT,) - afe (1- 8)[7; - T ]] 
+(1-a)[é+(1-4')[7,-T ]]. 


Notice that the conditional expectation of 
marginal product will be linear in the test 
score, even though the conditional distribu- 
tion is nonnormal. 

Conveniently, we can define 


(18) B  aB* -- (1— a) Bt, 


and by setting the wage equal to expected 
marginal product, we can reproduce the lin- 
ear wage schedule 


(19) w,=MP+ B(T; — T ). 


As a result of the policy restriction on 
wage schedules, all workers choose the same 
level of training. Average wages are the same 
for both groups and individuals with identi- 
cal characteristics receive identical wages re- 
gardless of group membership. While the 
average marginal products of both groups 
are now equal, the variability in marginal 
product is greater for the star group. This 
implies that an individual employer faced 
with the equilibrium mixture still has an 
incentive to discriminate. The privately ra- 
tional (but illegal) wage schedule pays each 
group the same on average, but, at high test 
Scores, pays star workers more than dagger 
workers, and at low test scores, pays dagger 
workers more than star workers. 

How does social welfare in the non- 
discriminatory equilibrium compare with so- 
cial welfare in the discriminatory equi- 
librium? By substituting (18) into (11) and 
comparing it with (12), we can see that total 
training is the same in both cases, but net 
social product is higher in the restricted, non- 
discriminatory equilibrium. The improvement 
in social efficiency occurs because some high 
cost units of training have been shifted 
from star workers to dagger workers, for 
whom marginal training costs are lower. The 
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ratio of nondiscriminatory to discriminatory 
costs is 


(a*t -AS 


aB*? + (1— a)8*? 5 


(20) 


As an example, consider the case of maxi- 
mum private discrimination, where f* = 1, 
B* — 0, and the ratio of nondiscriminatory to 
discriminatory costs is a. 


IV. Summary and Conclusions 


The model constructed above provides a 
sparse representation of labor market dis- 
crimination. It produces differentials in aver- 
age wages and rates of return to observable 
training between groups without appealing 
to differences in innate ability, risk aversion, 
or testing bias. We have shown that a com- 
petitive equilibrium under certain types of 
imperfect information can be improved by 
enforcing equal wage schedules for different 
groups of workers. 

Our specific model can only give specific 
results. What more general lessons ought we 
draw about social policy toward discrimina- 
tion? At a general level, the results of our 
paper are an example of the theory of the 
second best. In a first best world, economic 
agents would use all available information. 
In a second best world, there is no reason 
to assume that approaching the first 
best—using more information—is welfare 
improving. Since the problem of incomplete 
information is endemic in situations of dis- 
crimination, considerations of the second best 
are a general concomitant to policy questions 
in this area. 

Specifically, our results arise because so- 
cial marginal conditions diverge from private 
marginal conditions. Moving from the dis- 
criminatory to the nondiscriminatory equi- 
librium, we see that one group (the dagger 
workers) had its private incentives pushed 
closer to socially correct incentives, while the 
other group had its private incentives pushed 
even farther from the socially desirable level. 
The loss to society from the divergence be- 
tween private and social incentives varies 
directly with the distance between the social 
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and private incentives. The gain to society 
from discrimination, which reduces the small 
loss for the advantaged workers, is smaller 
than the loss to society from discrimination, 
which increases the large loss to the disad- 
vantaged workers. While this result is not 
invariant with respect to specifications of 
. cost and production functions, neither is it a 
peculiar case ‘or the result. of some special 
‘trick. 


Our arguments have been intentionally and. 


openly one-sided. We recognize the omission 
of social costs of antidiscrimination policy 


which might arise from. production losses ` 


due to mismatches of workers and jobs, and 


from the costs to the government of main- 


.taining any sort of social policy which must 
work against the privaté incentive structure. 
However, we believe we have demonstrated 
the need to be cautious in assessing the allo- 
cational consequences of equal: opportunity 
type policies. 

The appropriate social response to rational 
discrimination must be determined by analy- 
sis of specific problems. It is not an ap- 
propriate response, even for those of us who 
generally believe in the efficacy of private 


: Arrow, Kenneth J., 
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markets, to dismiss discrimination as some- 
thing “the market will handle." 
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The Liquidity Premium and the Solidity Premium 


By SUSAN WOODWARD* 


The term structure of real.interest rates is 
normally ascending. Given an ascending term 
structure, the implicit forward short-term rate 
of interest (for any specified future date) 
must be higher than the current short-term 
interest ràte. Nevertheless, there is no evi- 
dence of any upward trend in real interest 
rates over time. It follows that implicit for- 
ward short-term rates must also be higher 
than the actual short-term rates that will be 
realized on average, in the future. This dif- 
ference, between the implicit forward short- 
term rate and the mathematical expectation 
of the future short-term rate, is called the 
liquidity premium. 


Consequently, they argued, a yield premium 
is needed to induce risk-averse investors to 
hold the “less liquid" (more risky) longer- 
term bonds. 

The Keynes-Hicks view has been criti- 
cized, and properly so, for its overemphasis ` 
on capital-value risk as opposed to income 


- risk. Someone who wants only to assure him- 


Thus two stylized facts: 1) an ascending | 


term structure at any moment of time, and 2) 
historical stationarity of interest rates over 
time, imply a positive liquidity premium. 
Since historical stationarity might seem to 
need no special justification, explaining the 
liquidity premium reduces to explaining why 
the term structure is normally ascending. 
However, nonascending term structures are 
not rare. As for the historical stationarity of 
interest rates, empirically there seems to be 
no strong ground on which to postulate such 
a degree of uniformity. I therefore do not 
adopt the stylized facts as my point of depar- 
ture. Instead, my intention is to identify the 
forces explaining the liquidity premium as 
such, independent of the shape of the term 
structure and the level of interest rates. Doing 
so will illuminate not only the determination 
of the liquidity premium but of the term 
structure as well. 

John Hicks (1946) and J. M. Keynes (1930) 
argued that it is risk aversion which causes 
the forward rate to be greater than the ex- 
pected future rate. Possible future variations 
in interest rates will affect the values of 
. long-term bonds more than short-term bonds. 


*University of California-Los Angeles. Many thanks 
to Jack Hirshleifer, who carefully read and criticized 
every draft. 


348 


self a more-distant future flow of income 
could simply make a long-term investment 
commitment, and then be entirely uncon- 
cerned about possible interest rate variations 
and consequent fluctuations in capital values 
at intermediate dates. For such an individ- 
ual, a yield premium might be required to 
induce him to hold a shorter-term instru- | 
ment. 

Such a consideration led Franco Modig- 
liani and Richard Sutch (1966) to the notion 
of the * preferred habitat." They argued that 
because of personal variations in individual 
motives to save or to consume at different 
dates (due, for example, to life cycle consid- 
erations), different investors would typically 
be concerned about consumption risk at dif- 
ferent dates. Thus, nothing of a high order of 
generality could be said about the sign of the 
liquidity premium. 

While the Modigliani-Sutch criticism of 
Keynes and Hicks is well founded, their 
terminology may incorrectly suggest that each 
investor is typically concerned only with in- 
come risk at some single “habitat” date, or 
even that an individual’s temporal consump- 
tion plans are exogenous data rather than 
endogenous variables. In the models to be 
presented here, individuals are concerned 
about income risks at every date (up to their 
planning horizons), and their temporal con- 
sumption plans are choice variables that de- 
pend upon relative prices and interest rates. 

Once we acknowledge that individuals are 
risk averse with respect to income at all dates 
in their lifetimes, we must also accept that 
there is generally no single measure of the 
riskiness of an asset. For example, in com- 
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paring two pure discount, default-free bonds, 
one maturing at an earlier date and the other 
at a later date, the risk-configuration that 
first comes to mind (recognizing throughout 
that each bond yields a riskless return as of 
its own maturity date) is: (a) the longer-term 
bond is risky as of the earlier date, since its 
liquidation value will vary with intervening 
interest rate fluctuations, while (b) the 
shorter-term bond is risky as of the later 
date, since the investor's terminal return will 
vary with the rollover interest rate. The ques- 
tion * which maturity strategy is more risky?" 
has no single unambiguous answer. 

Suppose, on the other hand, that the 
terminal value of the short-term bond rolled 
over covaries negatively with the endowed 
consumption risk at the later date; that is, 
short-term bonds provide insurance with re- 
spect to the later date. Then buying the 
short-term bond and rolling over is even less 
risky with respect to the later date than 
holding a riskless bond maturing at that 
date. Here we have a configuration where, at 
the earlier date, the long-term bond is risky 
and the short-term bond is riskless, while at 
the later date, the long-term bond is merely 
riskless but the short-term strategy provides 
insurance. The short-term strategy is the 
less-risky strategy for obtaining consumption 
at both the earlier date and the later date! 
Hence in equilibrium, the short-term strategy 
must have a lower rate of return, on average, 
over both the near and distant future, than 
the long-term strategy. This means, of course, 
that the liquidity premium is positive. 

In what follows, it will be shown that the 
liquidity premium will be positive if and only 
if the second risk-configuration described 
above prevails. I will also show there is a 
third configuration in which the long-term 
bonds are less risky, and therefore have on 
average the lower rate of return. A general 
equilibrium model will be employed to 
analyze how individuals’ time-and-state 
distributed endowments, preferences (for 
consumption and also for risk bearing), be- 
liefs (and the timing of information arrival 
affecting beliefs), and productive opportuni- 
ties all contribute to the shaping of the term 
structure, and to the differential rates of 
return of short- and long-term bonds. I will 
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first use a simplified world of pure exchange 
to highlight certain elements of the general 
theory of the liquidity premium, and will 
show, in particular, how the amount of and 
timing of anticipated information arrival af- 
fect the liquidity premium. I will then intro- 
duce intertemporal production. Here the in- 
teraction of production with information 
about the realized magnitude of representa- 
tive endowments (for example, good or bad 
crops) affects beliefs about consumption in a 
systematic way, and plays a critical role in 
determining the liquidity premium. 


I. Definitions 


We can cover all the essentials of the 
problem by dealing with a simple three-date 
model (dates 0, 1, and 2 years from the 
present). The current short-term real interest 
rate or, is defined in 


(1) oP /o P5 8 1/(1-* ri). 


Here P, is the price quoted today (date 0) 
of a unit claim to real income to be received 
next year (at date 1), and $$ is the price 
today of a unit of real income today; I will 
ordinarily take current income of any date as 
the numeraire commodity for prices quoted 
at that date, so that ¿P =1. The interest rate 
denoted gr, is then the rate quoted at date 0, 
today, for discounting one-year future claims 
into their current (present value) equivalent. 

Analogously, the current long-term (2- 
year) interest rate ¿R, is defined in 


(2) oP /o P =1/(1+oR2)- 


Here P; is the price quoted today of a claim 
to income to be received at date 2, and 4R; 
is the corresponding long-term interest rate 
for discounting such claims into their present 
value equivalent. But the price ratio on the 
left-hand side of equation (2) can also be 
written in another way that serves to define 
the forward short-term rate g7: 


(3 oP% C + oR.) 


=[(1t+on)(Iton)]'. 
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The notation yr, indicates that this interest 
rate, though short term in that it discounts 
income claims from date 2 back only to the 
previous year (date 1), js a rate quoted (or 
else implicit in other quoted prices and inter- 
est rates) at date 0. 

As the economy moves historically through 
time, at date 1 an actual short-term rate ,r, 
will come into existence for discounting date 
2 claims. This is the future short-term rate, 
defined in terms of the prices and interest 
rate quoted at date 1: 


(4) Pp /;P, =1/(14+ n). 


(Here, since date 1 income becomes the 
numeraire for all claims quoted at date 1, it 
must be that ,P, & 1.) Viewed from date 0, 
however, this actual future short-term rate 
^, Will be uncertain. This brings us, to the 
formal definition of the liquidity premium L: 


(5) L= yr, — E(£,). 


The liquidity premium is the excess, on aver- 
age, of the known forward short-term rate of 
interest over the unknown future short-term 
rate. 

The simple algebra of the “discount” con- 
cept is completely analogous. The current 
short-term real discount gd, is defined in 


(6) oP /oPo = 14+ pd). 
Interest and discount are thus related as 
(7) 1+9d,=1/(1+ ori). 


Evidently, positive interest will correspond 
to negative discount. 
The forward discount is defined in 


(8 RAP = 1 tod, =1/(1 +07), 
and the actual future discount is defined in 
(9) \{P,/,P,=14+,d,=1/(1+ 4). 


This brings us to the formal definition of 
what will be our second risk measure, the 
solidity premium, S (J. Huston McCulloch, 
1973 and Martin Bailey, 1964). The value S 
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is the difference between the forward dis- 
count and the expected future discount. Just 
as L measures the riskiness of the short-term 
investment strategy as of the later date, S 
measures the riskiness of the long-term 
strategy at the earlier date: 


(10) S = yd; — E(,d;). 


Of course, S can also be expressed in terms 
of interest rates, or in terms of price ratios: 


(11) S=1/(1+or%)—E(1/(1+ 1%) 


= P, /;P, — E(, E, /, P). 


A similar easy development from (5) leads to 
an expression for L in terms of price ratios: 


(12  L&,P, AP, — E(B, AP,). 


Although there is:a kind of inverse relation- 
Ship, it will be evident that S is neither the 
reciprocal nor the negative of L. 

The intuitive interpretation that makes 
these formalisms useful can be developed as 
follows. Think of the liquidity premium L as 
measuring the difference, as of the farther- 
future date (date 2), between the sure return 
(principal plus interest) on a long-term bond 
and the mean return on a short-term bond 
rolled over at the uncertain future short-term 
rate. For, it follows by manipulations that 


(13) (1+ori)L = (15982) 
-(1+o)E( +ñ). 
As for S, think of it as measuring the dif- 
ference, as of the nearer-future date (date 1), 
between the sure return on a short-term bond 
and the mean return on a long-term bond 


liquidated at the uncertain future discount. 
For ; 


(14) S+R,” 


1+ 9% 14,5 


= (1+ 9r,)-( +R, E(1 tid; ). ; 
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Thus, L^ 0 implies an excess yield, on 
average, of long-term over short-term instru- 
ments compared at date 2. On the other 
hand, S>0 indicates an excess yield, on 
average, of short-term over long-term instru- 
ments compared at date 1. Since the dates at 
which the comparisons are made differ, L 
and S need not have opposite signs. 


II. Risk Premiums and the Return to Long- 
and Short-Term Bond Strategies 


This section analyzes the forces underlying 
the liquidity premium and solidity premium, 
using an explicit contingent-claim model of 
income uncertainty at near-future (date 1) 
and far-future (date 2) dates. The present 
date is assumed free of uncertainty; at date 0 
each individual is supposed to have a specific 


known endowment cj of the real income : 


commodity (“corn”). But, at date 1, his en- 
dowment will be the uncertain consumption 
vector (Cj,..., Cip; Tip... Tp), Where e= 
1,...,£ indicates the state of the world at the 
earlier date and 7,, represents the associated 
probability (assessed at date 0). Similarly, at 
date 2, the endowment will be (c5,,..., 
Čas} Tap. 755), Where s —1,...,S'is the in- 
dex for states of the world at ‘the later date 
and m, is the associated probability in terms 
of beliefs at date 0. In this section, pure 
exchange is assumed: there are no productive 
opportunities (for example, storage) for 
physically transforming income of one date 
into income of any other date. 

Suppose at date 0 there are complete 
markets for claims to: consumption contin- 
gent upon states of the world, at any date! 
Then the current price of a claim to income 
at date 1 contingent upon state e can be 
denoted ,P,,, and similarly oP}, is the cur- 


‘Specifically, I am assuming date 0 markets in E 
distinct date 1 claims and, in S distinct date 2 claims, 
E + S markets. While more extensive regimes could be 
defined, for example, trading in all E-S claims contin- 
gent upon both a particular state at date 1 and a 
particular state at date 2, this assumption suffices for 
achieving preferred consumption vectors, that is, no 
Pareto-preferred improvements are made available by 
opening more markets. (After the realization of a partic- 
ular state at date 1, retrading of the S date 2 claims will 
in general take place.) 
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rent price of a claim to income at date 2 
contingent upon state s. Certainty claims to 
income as of any given date can be purchased 
by buying a full complement of the corre- 
sponding contingent claims. Thus, 


(15) oP S Lobie oP = Ou P,. 
e S 


Once the passage of time reveals the state 
of the world at date 1, individuals will in 
general revise their beliefs about the proba- 
bilities of the date 2 states (i.e., the advent of 
state e is not only an income event, but also 


' generally an information event). The revised 


probabilities can be denoted z,.,. Then the 
price of a certainty claim to date 2 consump- 
tion, quoted at date 1 after state e has ob- 
tained, can be expressed as 


(16) icb = Piu: 
$ 


The future short-term interest rate ,,7;, COn- 
tingent upon state e having been realized at 
date 1; can be defined: 


(17) jePy / i, Pi = 1/(1 ur). 


As usual, the denominator on the left-hand 
side would be unity, since it is the price of 
the numeraire commodity current at date 1 
after state e obtains. ` 

. The expected future rate of interest, in 
terms of probability beliefs at date 0, can 
then be written 


a9 erie) Ena 


Recalling equation (12), the liquidity pre- 
mium L can be expressed in terms of the 
underlying bundles of contingent claims as 


(19) LzjQPi/9P, - 


Lote 


E(,\P\/,P2) 
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Before proceeding further, something more 
about the forces underlying the determina- 
tion of prices should be said. First of all, I 
will assume away any differences of beliefs 
in the economy: everyone agrees as to the 
probabilities 7,, 7,, and m,.,. Let every indi- 
vidual make choices under uncertainty so as 
to maximize expected utility U= E(V), 
where V(cg,c,,c,) is his “cardinal,” risk- 
averse, preference-scaling function for dated 
consumption income vectors. Individuals are 
also assumed to be identical in endowments. 
Taken together, the assumptions of repre- 
sentative tastes and endowments for all indi- 
viduals guarantee that the prices emerging in 
the model are “sustaining” prices— prices at 
which each agent merely holds his endow- 
ment and no trade takes place. In addition to 
the standard postulate of state independence 
of the utility function, I will also be making 
the simplifying assumption of time indepen- 
dence: that the V function is separable in the 
variables cg, c,, and c;. While this limits the 
generality of the results, nonseparable tastes 
(.e., allowing for possible intertemporal 
preference complementarities) would be a 
second-order effect that can only be accom- 
modated by rather burdensome notation. 

If the social endowments of income are 
positive in every state, and if everyone as- 
signs infinite negative utility to zero. con- 
sumption at any date, an interior solution is 
guaranteed in which each individual holds 
positive amounts of every contingent claim 
Cie and c;,. Then in equilibrium at date 0, 
each individual's expected marginal utilities 
will be proportional to the prices: 

Thre _ M3025 


Vo 
20 — = = 
: (20) » oP oP 


where vo = 0U/0co, Tied ie = 0U/dc,,, and 
7,,0,, = 0U/0c,,.^ This equation reveals, 


? Equation (20) follows directly from maximization of 
U — E(V) subject to the following budget constraint at 
date 0 (where the overbars indicate endowed quantities): 


“Poco + È (oPiecie) + È (oP 2sCas) 
e sS 


=oPoo + 2, (oP eA) + DX (oPasfas): 
e S 
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therefore, the relation of prices to prefer- 
ences and endowments (which together de- 
termine the marginal utilities) and to proba- 
bility beliefs. - 
Substituting from (20) into (19) leads to 


Le 
v 
(21 L=&—-Y 25. 
L 025 e 2; Ts. e025 
s s 


Or, in a more condensed notation, 








| E(vi) _ Ui 
09. SUA EG 


Here E, indicates the expectation (of date 2 
marginal utility) conditional upon state e at 
date 1 (i.e., calculated in terms of the m., 
probability beliefs). Expectations symbolized 
simply as E are taken with respect to beliefs 
at date 0. Of course, 


(23) E(E,(v;)) d Yn, E,(v;) x E(v;). 


In parallel, a similar expression for S is 
developed. Starting from equation (11), we 
obtain in a similar fashion the analog of 
equation (22): 


E(v,) E,(v2) 
-————E—-—-, 

(24) S E(v,) $i 

Certain simple relations must hold be- 
tween the signs of L and S, following from 
Jensen’s Inequality.’ In particular, L and S 
may be both negative, but may not be both 
positive. Also L2 0 (S>0) implies $«0 
(L <0), L=0(S=0) implies $ x 0 (L « 0), 
but L <0 (S « 0) implies nothing about the 
sign of S(L). Furthermore, only if both v, 
and £,(v,) are nonrandom can both L and S 
be zero.* 


3Jensen’s Inequality: E(l/x) >1/E(x); equality 
holds only for nonrandom x. 

^]f L and S were defined in terms of continuously 
compounded interest rates instead of discrete exchange 
ratios, then necessarily L = — S so that L and S could 
not both be negative. But, as the case of L and S both 
negative has an interesting economic meaning, some- 
thing is lost in going to the continuous-interest form. 
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Thus, the possible cases of interest are 1) 
L>0, S<0; 2) L «0, $20; and3) L «0, 
S «0. For the economic interpretation of 
these various cases, it is first necessary to 
show that L and S are explicit measures of 
risk. Note that L and S are not merely 
determined by the pattern of time-dated risks, 
but in fact can be rearranged to show that 
they can each be expressed as a covariance of 
an asset value with a dated marginal utility. 
Rearranging the expression for L in equa- 
tion (22): 








X|E(v))- zz 5 Js. (e) 


E,( 


1 


err’ 


-(zi5 L2 (o). 





which is 

1 v ; 

zu eng e v J 
E(v;) E,(v;) ( 2) 
and similarly, 


(25) L= 





(26) S= E.(02) ni 


zeyl 2 


Moreover, from an expository point of view, the inter- 
pretation of L and S in terms of covariances of bond 
values with consumption is much easier with the ex- 
change-ratio definition. For commodities distinguished 
only by date, either the continuum or the discrete-period 
versions of time passage may be useful But the 
discrete-period formalization lends itself more naturally 
to generalizations involving distinct commodities— for 
example, comparing the forward wheat-corn price ratio 
to the expectation of the future wheat-corn price ratio 
(see my 1980 paper)— since the trade of corn for wheat 
is necessarily discrete. For a discussion of the term 
structure using continuous compounding, see John Cox, 
J. E. Ingersoll, and Stephen Ross, (1979). 

>The development that follows is due to McCulloch 
(1973). 
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The first term in the covariance in (25), 
9, / E, (v4), can be seen from equations (17), 
(18), and (20) to equal 1-4 ,,r,, that is, one 
plus the interest rate contingent on the oc- 
currence of state e at date 1. Similarly, its 
reciprocal, E,(v,)/v,, the first term in the 
covariance in equation (26), is one plus the 
contingent discount. 

From equations (25) and (26) we can de- 
rive three propositions: 


PROPOSITION 1: L>0 if and only if the 
covariance between future interest rates and 
date 2. conditional expected marginal utility is 
positive, or, roughly speaking, if and only if 
the covariance between interest rates and date 
2 consumption is negative. 


This is the same thing as saying that L > 0 
when the value of a rolled-over short-term 
bond covaries against consumption at date 2, 
which makes the strategy of holding short- 
term bonds a form of insurance with respect. 
to date 2. Recall that L7 0 implies S < 0; 
that is, that the covariance between the value 
of the long-term bond liquidated at date 1 
and date 1 consumption is positive. The 
short-term bond strategy is thus the less-risky 
strategy for obtaining consumption at both 
the earlier and the later date, and hence has 
a lower rate of return over both the short 
term and the long term. This is scenario 1. 


PROPOSITION 2: S>0 if and only if the 
covariance between future discounts and date 1 
marginal utility is positive, or, roughly speak- 
ing, if the covariance between future discounts 
and date 1 consumption is negative. 


Again, recall that S>0 implies L <0, or 
that the covariance between interest rates 
and date 2 consumption is positive. Thus, 
this scenario 2 occurs when it is the long-term 
bond that is the less-risky instrument for 
obtaining consumption at both dates. Hence 
the long-term bond has a lower rate of return 
than the series of short-term bonds, on aver- 
age, over both the near and distant future. 


PROPOSITION 3: L «0 and S «O0 if and 
only if the covariance between interest rates 
and date 2. conditional expected marginal util- 
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ity is negative and the covariance between 
discounts and date 1 angina utility is also 
negative. 


In approximate terms, this case occurs 
when the long-bond liquidity covaries with 
date 1 consumption and the short-term bond 
rolled over covaries with date 2 consump- 
tion. This seemingly paradoxical case thus 
corresponds to the most easily imagined 
risk-configuration—that in which each bond 
is the least-risky strategy for obtaining con- 
sumption at its own maturity date (scenario 
3). 


IH. The Stochastic Properties of Consumption 
and the Relative Rates of Return to Long- 
and Short-Term Bond Strategies 


It has been shown that it is not the mere 
presence of risk that shapes the term pre- 
miums on bonds, but the pattern in which 
the resolution of time-dated risks is visited 
upon prices. Two aspects of the stochastic 
properties of consumption describe this pat- 
tern and determine the signs and relative 
magnitudes of L and S: 1) the serial correla- 
tion of dated marginal utilities or—more 
approximately— the serial correlation of con- 
sumption over time, and 2) the relative mag- 
nitude of two coefficients of variation, the 
first of date 1 marginal utility and the second 
of date 2 marginal utility. 

It will be shown in the next section how 
intertemporal productive transformations 
tend to induce positive serial correlation. In 
this section we shall see how arrival of infor- 
mation about date 2, either due to the mere 
realization of some state at date 1 or due to 
the arrival of some side-message, may affect 
the serial correlation either way. As for the 
coefficients of variation of the dated margin- 


®As for the L > 0, S > 0 case, this cannot occur. Note 
that L > 0 implies that the short-term strategy provides 
insurance at date 2, which means the high contingent 
interest rates must be associated with small expected 
consumption at date 2. Note that S» 0 implies that 
long-term bonds provide insurance at date 1, which 
means that high interest rates (discounts) must be asso- 
ciated with large consumption endowments at date 1. 
But, if the realized state at date 1 turns out to be rich, 
while date 2 is likely to be poor, the contingent interest 
rate would have to be low, not high. 
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al utilities, these are reflections of the power 
of the date 1 information as pertaining to 
date 1 and to date 2. Since our knowledge 
about the date 1 state will be complete at 
date 1, the extent of the information gained 
is essentially measured by our date 0 uncer- 
tainty about the date 1 state—the coefficient 
of variation of v,. But we may also at date 1 
receive information about date 2. The coeffi- 
cient of variation of E,(v,) measures how 
much we expect (as of date 0) to revise (as of 
date 1) our initial beliefs about the date 2 
state. Thus, both the relative size of the 
revisions (indicated by the coefficients of 
variation) and also the direction of depen- 
dence of the revisions (indicated by the serial 
correlation) affect L and S. 

Rearranging (25) and (26), and simplifying 
notation by letting x = v, and y = E,(v,): 


(27) L=Cov(y,x/y)/E(y); 
S = Cov(x, y/x)/E(x). 


These expressions can be rearranged to ob- 
7 


" 9, 6, f 
L- EG gos geh 
Q9) 

S= Eory gy Par Jp E(y) m! 


Here o, and o, are the standard deviation of 
date 1 marginal utility and the standard 
deviation of conditional expected date 2 
marginal utility, respectively; o, s and o,,, 

are the standard deviations of their recipro- 


cals; and p is the coefficient of correlation. 


"These expressions follow straightforwardly from the 
fact that 


Cov( y, x/y) E E(x) 9,91 syPy i/y x E(y)9,901/,0.,17y 
and Cov(x, »/x) = E(¥) 9,91 /xPx,1/x 


a: E(X) 9,01 /.Py,1/x- 
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The sign of p, , does not conclusively de- 
termine the sign of p, ,,,, but the two will 
fail to take on opposite signs only in rather 
bizarre cases where one variable is highly 
skewed. For purposes of exposition, there- 
fore, I shall carry on as though the signs of 
Px,1/y and p, ,,, are always the opposite of 
Px, ,. (As for p, ,,, the correlation of any 
variable with íts own reciprocal is always 
negative.) 

Subject to the imprecision of this ap- 
proximation, we have now three additional 
propositions: 


PROPOSITION 4: Negative serial correla- 
‘tion in the marginal utility of consumption 
‘implies L <0 and S <0. 


More approximately, negative serial corre- 
lation in consumption insures that neither 
bond will command an obvious premium 
over the other—we have scenario 3 corre- 
sponding to Proposition 3. (Strictly speaking, 
as the equations indicate, we could have 
scenario 3 even with p(x, y) 7 0, but only if 
it is small and if one distribution or both are 
highly skewed.) 


PROPOSITION 5: Positive serial correlation 
in the marginal utility of consumption implies 
either L » 0 or S 7 0. 


In approximate terms, positive serial corre- 
lation in consumption implies that either one 
bond or the other will command an obvious 
premium—that we will have either scenar- 
io 1 or 2, corresponding to Propositions 1 
and 2. 


PROPOSITION 6: Given positive serial cor- 
relation in the marginal utility of consumption, 
0, /E(x) > o,/E(y) implies S 7 0, and 
o,/ E(y) > o, / E(x) implies L > 0. 


Proposition 6 tells us that as between 
scenarios 1 and 2, which of the two prevails 
depends upon the magnitude of the associ- 
ated positive regression. Suppose occurrence 
of a good state at date 1 raises the probabil- 
ity of good states at date 2, but not by so 
much as to make the expected date 2 out- 
come better (in marginal utility terms) than 


WOODWARD: THE LIQUIDITY PREMIUM 355 


the realized date 1 outcome. Thus, v,,< 
E,(v,) < E(v,). (And, of course, there would 
then be a similar “regression toward the 
mean" effect in the event of a bad state at 
date 1.) The coefficient of variation for date 
2 expected marginal utility, o, / E(y), then 
tends to be small in comparison with the 
corresponding date 1 statistic, o, / E(x). This 
leads, in equations (28) and (29), to the 
pattern L >0, S< 0—scenario 1. Here the 
anticipated revision of beliefs regarding date 
1 is, on average, more extensive than that 
regarding date 2. But if a good state at date 1 
means, on average, an even better outcome 
at date 2 (and a poor date 1 state an even 
worse expected date 2 outcome), this “re- 
gression away from the. mean" leads to 
scenario 2 with L < 0, S > 0. In this case the 
anticipated revision of beliefs regarding date 
2 is, on average, more extensive, even though 
we get conclusive information about date 1 
and only partial information about date 2. 

An interest rate interpretation will also be 
helpful. If the magnitude of the positive 
regression is small (regression toward the 
mean), the contingent future short-term in- 
terest rate will be /ow in rich branches of the 
date-state consumption tree and Aigh in poor 
branches of the tree. Here a good date 1 state 
implies a not quite as good date 2 state on 
average, and therefore low ,r, —while a poor 
date 1 state implies a high ,7,. Low rollover 
yields when you are rich, and high yields 
when you are poor means that the short-term 
maturity strategy has the superior risk char- 
acteristics, so the long-terms must unambigu- 
ously yield more, on average, over both long 
and short horizons (L > 0, S < 0). But, with 
regression away from the mean, the contin- 
gent future short-term rate is high when you 
are rich and low when you are poor; the 
short-term strategy has definitely inferior risk 
characteristics, and hence must always yield 
more, on average, again over both long and 
short horizons (L < 0, S > 0). 

Finally, with negative p, , a good (bad) 
date 1 state implies a band (good) date 2 on 
average, and thus a low (high) contingent 
interest rate. So the short-term strategy is 
risk enlarging at date 2 (implying L <0) 
while the long-term strategy is risk enlarging 
at date 1 (implying S < 0). (Recall, however, 
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that the combination L < 0, S < 0 may occur 
even if p, , is positive so long as it is not very 
large.) 

Note that the aspect of date 2 consump- 
tion that is important in determining the sign 
of the liquidity premium is not the variation 
in c, (date 2 consumption) or in v, (date 2 
marginal utility), but the variation in E,(v,) 
—the date 1 revised expectation of date 2 
marginal utility. The variation in v, con- 
strains the variation in E,(*;), of course; the 
variation in E,(v,) can be as great as that of 
v, only if the information about date 2 arriv- 
ing at date 1 is conclusive, and in all other 
cases must be smaller. The variation in v, 
does not matter, however, except to the ex- 
tent that it is manifested in E,(v,), and 
hence in interest rates, prior to date 2. 
Specifically, it follows from equations (25) 
and (26) that if no information is revealed at 
date 1 about date 2, (so that E,(v,) is a 
constant), then L — 0 and S « 0, even if there 
is much more consumption risk at date 2 than 
at date 1. 

Part of what I believe Hicks and Keynes 
had in mind as a source of the liquidity 
premium was that the far future was inher- 
ently more uncertain than the near future, a 
proposition few of us would dispute. But this 
is neither a necessary nor sufficient condition 
for L0. From equation (28) the needed 
conditions are: 1) that date 1 and date 2 
consumption be positively correlated; and 2) 
that information arriving at date 1 is rela- 
tively more informative about date 1 con- 
sumption than date 2 consumption. The 
combined weight of these conditions is rather 
restrictive, so that in a world of pure ex- 
change, there could be no clear presumption 
that the liquidity premium is positive. As we 
shall see, it is the possibility of intertemporal 
productive transformation, in association 
with information anticipated to be received 
at date 1, that more powerfully forces L > 0. 

The analysis thus far has been only of 
bonds, that is, of certainty claims to income, 
either at date 1 or at date 2. But, more 
generally, for any asset representing a bundle 
of contingent claims, its date 0 price will 
vary so that its expected yield to any date 
will be determined by the covariance of its 
future value with consumption at that date. 
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What we really have here is a multiperiod 
generalization of the single period Sharpe- 
Lintner-Mossin capital asset pricing model 
(CAPM)—in which the question “how risky 
is this asset?" has possibly as many answers 
as there are dates. In the CAPM, the factor 
determining an asset's expected yield is its 
covariance with the market portfolio, where 
the value of the market portfolio.is simply 
the realization of date 1 (end-of-period) con- 
sumption. In the model here, or rather its 
rearrangement to allow for risky bundles as 
well as bonds, the covariance of the asset 
values with the realization of consumption at 
each.date determines the expected yield to 
that date. 


IV. The Influence of Intertemporal Production 


The foregoing analysis of the determinants 
of L and S under pure exchange makes 
possible a condensed treatment of the conse- 
quences of introducing intertemporal pro- 
ductive transformations. Jack Hirshleifer 
(1972) argued that, when intertemporal pro- 
duction in the form of costless storage is 
possible, a unit claim to the inherently more 
flexible date 1 crop becomes (other things 
equal) more desirable than a corresponding 
claim upon the date 2 crop, tending to bring 
about an ascending term structure—and, he 
claimed, a positive liquidity premium. While 
it is true that the forward-only nature of 
intertemporal production always enriches the 
future at the expense of the present, and 
hence tends to make the term structure of 
interest rates ascending, I will show that it 
does not always imply L > 0. 

I will discuss now two illuminating polar 
cases. In each, I distinguish between the en- 
dowment and the actual consumption at each 
date. It is assumed here that investment ex- 
hibits constant or diminishing returns, and 
that the marginal return to investment de- 
pends only on the amount invested, not on 
the endowments at either date. It is also 
assumed that production goes forward only; 


3Since the first draft of this paper, an explicit multi- 
period CAPM in terms of dated consumptions has been 
provided by Douglas Breeden (1979). 
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part of the current crop may be invested for 
consumption later, but there is no mecha- 
nism for transforming the future endowment 
into consumption today. 

In the first case, which leads to L 0, the 
state realized at date 1 determines the endow- 
ment at that date, but does not modify the 
probabilities of the possible endowments at 
date 2. It does, however, affect the amount 
individuals choose to invest at date 1. Here 
revised beliefs about the date 1 crop imply 
investment decisions that give additional in- 
formation about date 2 consumption. 

In the second polar case, which leads to 
S > 0, there is only one possible crop at date 1, 
but different possible messages about what the 
endowment might be at date 2. Here it is the 
message about date 2 that determines the 
optimal investment at date 1. Here revised 
beliefs about date 2 imply investment deci- 
sions that give us additional information 
about date 1 consumption. Below I provide a 
numerical example of each polar case (with 
production taking the form of simple con- 
stant returns storage). 

. For the first case (beliefs about the date 2 
endowment unaffected by the outcome of 
date 1), it is evident that the better the date 1 
outcome, the more will be invested at date 1. 
Then, given a diminishing-returns produc- 
tion function, we can easily establish that the 
covariance between E,(v,) and contingent 
interest rates is positive. The greater the in- 
vestment at date 1, the higher consumption 
at date 2, and so the lower is conditional 
expected marginal utility at the later date. 
Further, since investment exhibits diminish- 
ing returns, the higher the investment, the 
lower is the marginal rate of return and 
hence the contingent interest rate. So in those 
(relatively well-endowed) date 1 states where 
investment takes place, Cov[E,(v,), ,7,] is 
positive. For those date 1 outcomes so poor 
that no investment is undertaken, the value 
of E,(v,) is invariant. The contingent inter- 
est rates in these corner-solution states will 
be higher than over the average of all states, 
and the invariant E,(v,) will also be higher 
than its average over all states. Therefore, 
counting the corner-solution states as well, 
the covariance between contingent interest 
rate and £,(v;) is positive. The conclusion is 
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clear: the liquidity premium is positive. (A 
limiting case of L = 0 results if all states at 
date 1 are so poor that investment never 
takes place.) Of course, L > 0 implies S « 0. 

Figure 1 illustrates, for a representative 
individual situation, how a negative covari- 
ance between contingent interest rates and 
E(c,) arises. The latter is of course inversely 
related to E,(v,), because the news changes 
only the mean of the c, distribution. As the 
date 1 endowment increases from very low 
levels, the expected date 2 endowment E(c,) 
being constant throughout, no investment 
takes place until the critical point A is 
reached. Beyond A, from endowment points 
like B and D, the scale of investment in- 
creases. The interpretation, given diminish- 
ing returns to investment, is a negative as- 
sociation between the achieved E(c,) and 
the equilibrium contingent interest rate 75. 

In terms of equations (28) and (29), the 
first case reveals that intertemporal produc- 
tion makes consumption positively serially 
correlated even if the endowments are indepen- 
dent. A rich date 1 crop and hence a richer- 
than-average date 1 consumption now tend 
to be followed by enriched date 2 consump- 
tion, and a poor date 1 crop by a less- 
enriched date 2 consumption. Moreover, the 
low interest rates occur in the rich branches 
of the tree of outcomes, and the high ones in 
the poor branches. 

This result, that intertemporal production 
implies L >0, is very robust provided we 
adhere to the condition that beliefs about the 
date 2 endowment are unaffected. Notably, 
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the positive liquidity premium does not de- 
pend upon the (perhaps more stylish than 
factual) stylized facts. Thus L>0 obtains 
regardless of the distributions of c, and c, 
(and cy), that is, whether or not the term 
structure is ascending (the first stylized fact). 
Further, L7 0 in no way depends upon a 
stationary trend in interest rates (the second 
of the stylized facts) The result will also 
hold for a paradigm with any number of 
dates, and for comparison of any maturities 
so long as all the dated endowments are 
statistically independent, and also for both 
linear and diminishing-returns production 
functions.? 

As a numerical example of this polar case, 
consider an economy consisting of identical 
individuals whose tastes are described by 
U = (cgc,c5), and each of whom possesses 
investment opportunities in the form of cost- 
less storage between date 1 and date 2. (This 
simple example is constructed so that no 
:storage would be chosen for date 0, even if it 
were possiblé.) The current (date 0) endow- 
ment is certain. There are two stages, g (good 
crop) and b (bad crop). at each future date. 
Prior beliefs are that each state at each date 
is equally probable, and the date 2 state is 
independent of the state realized at date 1. 
Endowments are then 


t 0 1 2 
' 150 if g 150 if g 
90 
75 if b 75 if b 


Let us first consider what would happen in 
the absence of storage. In terms of equation 
(27), while there is variation in x= v, (the 


?The liquidity premium is also positive with any 
linear production function. This can be shown by parti- 
tioning the covariance into storage (production) and 
no-storage (no-production) states, and showing that each 
partition is positive. The liquidity premium is also posi- 
tive with a linear production function and independent 
-~ or positively correlated endowments in infinite-time, 
two-state Markov models of the sort used by Robert 
Lucas (1978) and by Stephen LeRoy and Charles 
LaCivita (1980). It is easy to show that if there is merely 
persistence in the Markov transition probabilities, L > 0, 
and that with a linear production function added, plus 
_ either independence or persistence, L is still greater than 
zero. However, if the transition probabilities already 
display persistence, the introduction of storage may not 
increase the size of L. 
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marginal utility of date 1 consumption), there 
is no variation in y = E,(v,) (the conditional 
expected marginal utility of date 2 consump- 
tion). Hence we expect to observe L= 0, 
S <0. Indeed, computation reveals o7, —.11, 
o^; = 0, oR- 7.054, L — 0, and S —.125. 

For the first polar case, the information 
arriving at date 1 is conclusive regarding the 
crop at that date, but brings no news 
whatever about the date 2 crop. Such an 
information configuration implies for this 
example, that the utility-maximizing contin- 
gent consumption choices and corresponding 
storage decisions are 





t 0 1 2 
. 175 if gg 
125 if g ( 100 if gh 
90 
150 if bg 
5itb 
mA ( 75 if bb 


Evidently, there now is positive serial cor- 
relation between x = v, and y = E,(v) (p,, 
> 0). The high interest rate is in the bad 
state, and the low interest rate in the good, 
implying L > 0. Computation based on the 
equality of ratios of marginal utilities and 
price ratios reveals or, =.04, ¿R, —.12, and 
o^; = — -025. 

Now let us consider the second polar 
case:!? here the crop at date 1 is nonstochas- 
tic, but information about date 2 will arrive. 
at date 1 in the form of a side-message. This 
means that the date 1 investment decision 
depends only upon the news about date 2. 
The worse the news, the more will be set 
aside at date 1 (invested) for consumption at 
date 2. Note that uncertainty regarding date 
1 consumption emerges even though there is 
certainty about the date 1 endowment. In ` 
effect, some of the risk at date 2 is shifted - 
back to date 1. 

Under the conditions of the second case, it 
is easy to see that the covariance between c, 
and E,(v,)/v, (one plus the contingent dis- 
count) will be positive, and hence by equa- 
tion (26), the solidity premium must be posi- 
tive. If the date 1 news about date 2 is very 
bad, investment is large and the contingent 


10] am indebted to John Riley for a classroom exam- 
ple which provided the basis for this idea. 
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interest rate is very low. Correspondingly, 
since the date 1 endowment does not vary, 
date 1 consumption is very low. So, when 
investment occurs, lower interest rates are 
associated with lower date 1 consumption 
(implying high v,). As for corner-solution 
states in which the date 2 news is so good 
that no investment is undertaken, in those 
states v, must be lower than average while 
interest rates are higher than average. Thus, 
overall, the covariance between date 1 mar- 
ginal utility v, and the interest rate is nega- 
tive. But ,r, is inversely associated with 
E,(t,)/v,. So by equation (26) it must be 
that S is positive, which implies L <0. (A 
limiting case of S —0 results if date 2 is 
always so well endowed that investment never 
takes place.) 

As in the first case, the availability of in- 
tertemporal productive opportunities makes 
consumption serially correlated. But, here the 
high interest rates come in the rich branches 
of the tree of possible outcomes, and the low 
ones (along with large investment!) in the 
poor ones. Put another way, in the first case, 
higher investment (implying lower interest 
rates) takes place from richer states at date 1, 
while in our second case, higher investment 
takes place toward poorer states at date 2. 

Figure 2 illustrates, for a representative 
individual, how a negative .covariance be- 
tween interest rates and v, arises. Along the 
horizontal axis c,, date 1 consumption, is 
inversely related to v,, the marginal utility of 
the date 1 outcome. On the vertical axis ¢, 
represents the certainty equivalent of ex- 
pected date 2 consumption. Since c, is still a 
random variable as of date 1, é, is the analog 
of c,, and is inversely related to E,(v,). 
The date 1 endowment, c;, being constant 
throughout, as ĉ, increases investment un- 
dertaken at date 1 from endowment points 
like E will decline until the critical point F is 
reached. Beyond F no investment at all takes 
place, but the slopes of the indifference curves 
along the vertical ray from F are everincreas- 
ing. The interpretation is that, given di- 
minishing returns to investment, there is a 
negative association between the consumed 
c, and the rate of interest. | 

As a numerical example of the second 
polar case, consider a situation where all of 
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FIGURE 2 


the crop uncertainty is at the later date, but 
the uncertainty is resolved at date 1, prior to 
the actual reaping of the crop. The repre- 
sentative individual has the same tastes as in 
the previous example, U = (coc,c,). The pre- 
liminary endowment configuration is as fol- 
lows, where the two states at date 2 are 
equally probable: 


t: 0 l 2 
150 if g 


75ifb 


First, if there is no storage option, there 
can be no variation in x = v,, while the news 
at date 1 introduces variation in y = E,(v;). 
Thus, L <0, but S —0. Numerically, or; = 
.11, 97 =0, oR, —.054, E(,r,) 7.125, which 
gives L = —.125, $ — 0. 

The information to arrive at date 1 conclu- 
sively determines the state at that date. The 
optimal choices become 


t: 0 1 2 
100 150 if g 
90 
87.5 87.5 if b 


Interest rates and term premiums are gr; = 
.04, oR2=.11, or, —.185, 415, —.5, 1%, =9, 
E(,rj)-.25; L= —.065, S= 4.067. Note 
that the higher of the future interest rates is 
realized in the “good” consumption stream, 
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and the lower in the bad. This makes the 
long-term bond a less-risky asset from point 
of view of both future dates. 

. The second case illustrates that, from a 
sufficiently abstract point of view, even the 
availability of intertemporal production does 
not necessarily tend to make for a positive 
liquidity premium. Nevertheless, I argue that 
the general presumption in favor of a posi- 
tive liquidity premium is not so wrong. The 
reason is that, apart from unusual situations, 
the information that individuals can antic- 
ipate receiving will typically do more to re- 
solve uncertainty about near-future than 
about far-future events. The implication is 
that the first polar case above (in which 
nothing was learned about the date 2 endow- 
ment) is likely to be a closer approximation 
of reality than the second -polar case (in 
which nothing was learned about the date 1 
endowment). It is this first case, as shown, 
that led to a systematically positive liquidity 
premium. 


V. Summary and Conclusions 


Why does anybody care about the sign of 
the liquidity premium? Because the term 
structure of interest rates alone does not 
reveal how risky it would be to provide for 
consumption at a given date by buying bonds 
that mature earlier (with the intention of 
rolling over), or by buying bonds that ma- 
ture later (with the intention of liquidation). 
The liquidity premium L measures the riski- 
ness (with respect to consumption at a termi- 
nal date) of rolling over a series of short-term 
bonds. The solidity premium S reveals the 
riskiness (as of an intermediate date) of the 
strategy of holding a longer-term bond and 
liquidating it. ) 

The concern of Keynes and Hicks was for 
the investor who might, if he bought long- 
term bonds, have to liquidate them at an 
unfavorable price if he came upon a rainy 
day before they matured. In terms of the 
analysis here, this corresponds to S < 
0— which means that the value of the long- 
term bond at an intermediate date (before its 
maturity) covaries with income at that date. 
When S « 0, the long-term bonds will be risk 
enlarging at intermediate dates, that is, they 
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will indeed have their lowest values on rainy 
days and their highest values on sunny days. 
But S <0 does not imply L > 0. This means 
that Keynes’ and Hicks’ investor could still 
be vulnerable even if he buys the short-term 
bond, as he may have.to roll it over at an 
unfavorable rate. Only if L > 0 is the strategy 
of buying short-term bonds the less-risky 
strategy for both the near future and the far 
future. 

Hicks’ and Keynes’ investor faces risk at 
two different future dates. Since consump- 
tion incomes at these two different dates are, 
in the Fisherian tradition, regarded as two 
distinct commodities, we need two measures 
of riskiness—one for each risky good—to 
fully describe the risk he faces. 

For comparison of two bonds of different 
maturities, three basic scenarios can emerge: 

1: Positive L (which implies S < 0) oc- 
curs only if the short-term bond is the less- 
risky instrument with respect to both the 
earlier and the later future dates. This can 
happen only if the short-term bond provides 
insurance at the later date, implying (through 
Jensen’s Inequality) that the long-term bond 
is risky with respect to the earlier date. 

2: Positive S (which implies L < 0) oc- 
curs only if the long-term bond is the less- 
risky instrument with respect to both dates; 
that is, it provides insurance with respect to 
the earlier date's endowed consumption risk. 

3: Negative L and negative S occurs if 
both bonds are risky assets with respect to 
income at dates other than their own matur- 
ity. The expected yield on the longer-term 
bond at the shorter horizon is thus on aver- 
age higher than the yield on the short-term 
bond; similarly the expected yield on the 
short-term bond rolled. over must be higher 
than the yield on a long-term bond. 

Which scenario emerges can be explained 
by (i) the serial correlation of consumption, 
and (ii) the relative sizes of the coefficients 
of variation of (a). marginal utility at the 
earlier date and (b) the conditional expecta- 
tion (as of the earlier date) of marginal util- 
ity at the later date. The latter can be thought 
of as a measure of the relative informative- 
ness of the earlier date's news regarding both 
the earlier date's and the later date's con- 
sumption. 
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If the serial correlation in consumption is 
zero or.negative, both L and S must be 
negative. Then the least-risky instrument for 
any date's consumption is simply a riskless 
bond maturing at that date. But with positive 
serial correlation of consumption, one or the 
other of the two maturities becomes the less- 
risky instrument for obtaining income at both 
dates. 

Should the correlation be positive, if the 
news arriving at the earlier date is on average 
more powerful regarding the earlier date than 
the later one (i.e., good news about the earlier 
date implies good, but not as good, news for 
the later, and similarly for bad news) the low 
interest rates will be in the richer branches of 
the tree of possible outcomes and the high 
interest rates in the poorer ones. Then the 
liquidity premium will be positive. Should 
the news regarding the later date be the more 
belief-revising (good news for the earlier date 
means great news for the later) the high 
interest rates come in the rich branches, the 
low in the poor, and the solidity premium is 
positive. 

The positive liquidity premium observed 
by Keynes and Hicks is not a result of mere 
risk aversion. But, from the above, it can be 
shown to follow from risk aversion plus the 
positive serial correlation of consumption 
which arises from the forward-only nature of 
production, and the predilection of nature to 
give us more information about the near 
future than about the far future. 
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Expectations and Reputations in Bargaining: 
An Experimental Study 


By ALVIN E. ROTH AND FRANCOISE SCHOUMAKER* 


One task of a theory of bargaining is to 
specify those factors which ultimately re- 
solve the indeterminacy inherent in bar- 
gaining. Even if we expect bargainers to 
reach agreement in the region of individ- 
ually rational, Pareto optimal contracts— 
which F. Y. Edgeworth (1881) called the 
contract curve—it is still necessary to analyze 
the factors contributing to the selection of a 
specific agreement. 

Game-theoretic models rest upon the as- 
sumption that the outcome of bargaining 
among rational, fully informed agents is de- 
termined by the strategic possibilities avail- 
able to the bargainers, and their preferences 
as represented by their expected utility func- 
tions. Indeed, games in which the players 
have this information are called games of 
complete information. A long-standing ob- 
stacle to testing the descriptive power of 
these models has been the requirement that 
the utility of the bargainers be known for 
each potential agreement. An experimental 
design permitting this problem to be cir- 
cumvented in a laboratory setting was intro- 
duced in Roth and Michael Malouf (1979). 
In that experiment, the outcomes of bargain- 
ing under controlled conditions were ob- 
served to systematically deviate from the pre- 
dictions of theory. Subsequent experiments, 
(Roth and Malouf, 1979; Roth, Malouf and 
J. Keith Murnighan, 1981; Roth and Mur- 
nighan, 1982) indicated that the outcome of 
bargaining is decisively influenced by factors 
other than the strategic possibilities and pref- 
erences of the bargainers, and isolated the 
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cause of the observed deviations from the 
predictions of classical models, sufficiently 
so that a specific hypothesis could be pro- 
posed to account for them. This paper ex- 
amines the hypothesis that those missing fac- 
tors concern the subjective expectations of 
the bargainers about the behavior of their 
opponenís. The results of the experiment 
reported here support the hypothesis and 
demonstrate that distinct, stable, self-fulfill- 
ing sets of expectations are compatible with 
a given bargaining situation as determined 
by the preferences and strategic possibilities 
of the bargainers. 


I. Review of Three Earlier Experiments 


To test theories. which depend on the ex- 
pected utilities of the players, it is desirable 
to design experiments which allow the par- 
ticipants' utility functions to.be determined. 
A class of games allowing this was intro- 
duced in Roth and Malouf. In that experi- 
ment, players bargained over the probability 
that they would receive some monetary prize, 
possibly a different prize for each player. 
Specifically, they bargained over how to dis- 
tribute “lottery tickets" to determine the 
probability that each player would win his 
personal lottery (i.e., a player who received 
40 percent of the lottery tickets would have a 
40 percent chance of winning his monetary 
prize and a 60 percent chance of winning 
nothing). The rules of the game specified 
which distributions of lottery tickets were 
allowable. If no agreement was reached in 
the allotted time, each player received noth- 
ing. We call such games, in which each player 
has only two possible monetary payoffs, bi- 
nary lottery games. 

To interpret the outcomes of a binary lot- 
tery game in terms of each player’s utility for 
money, recall that if each player’s utility 
function is normalized so the utility for re- 
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ceiving his prize is 1, and the utility for 
receiving nothing is 0, then the player's util- 
ity for any lottery between these two alterna- 
tives is the probability of winning the lottery. 
The set of feasible utility payoffs in such a 
game equals the set of allowable divisions of 
lottery tickets. Thus binary lottery games can 
be used to experimentally test theories of 
bargaining which depend on the set of feasi- 
ble utility payoffs. Note that the set of feasi- 
ble utility payoffs does not depend on the 
prizes, so a binary lottery game in which the 
players know the allowable divisions of lot- 
tery tickets is a game of complete informa- 
tion, regardless of whether each player also 
knows the other's prize. The classical models 
of bargaining that follow the work of John 
Nash (1950) and depend only on the set of 
feasible utility payoffs to the players (see 
Roth, 1979) thus predict that the outcome of 
a binary lottery game will not depend on 
whether the players know their opponent's 
prize. 

The experiment of Roth and Malouf was 
designed to test this hypothesis, among 
others. Participants played binary lottery 
games under either full or partial informa- 
tion. In the full information condition, each 
player knew his own potential prize and his 
opponent's potential prize. Under partial in- 
formation, each player knew only his own 
prize. Contrary to the predictions of the 
classical models in the tradition of Nash 
(1950), the outcomes observed in the two 
information conditions exhibited dramatic 
differences: under partial information, out- 
comes tended to be very close to an equal 
division of the lottery tickets, while under 
full information, outcomes showed a pro- 
nounced shift toward equal expected pay- 
offs. 

Of course, other classical models describe 
games in greater detail. The strategic form of 
a game describes not only the feasible utility 
payoffs, but also the strategies available to 
the players. In the games described above, 
strategy choices concern the formulation of 
messages and proposals during negotiations. 
Since the strategies available to the players 
depend on the information they possess, we 
must consider whether the observed results 
can be accounted for by the different strate- 
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.gies available to the players in the two infor- 


mation conditions. 

The experiment of Roth, Malouf, and 
Murnighan was designed to address this 
question and involved binary lottery games 
with prizes stated in terms of an intermediate 
commodity. Prizes were expressed in chips 
having monetary value, and each player 
played four games under either high, inter- 
mediate, or low information. In each condi- 
tion, each player knew the number of chips 
in his potential prize and their value, but a 
players information about his opponent's 
prize varied with the information condition. 
In the high information condition, each 
player knew the number of chips in his op- 
ponent's prize and their value. Under inter- 
mediate information, each player knew the 
number of chips in his opponent's prize, but 
not their value. Under low information, each 
player knew neither the number of chips in 
his opponent's prize, nor their value. In the 
latter two conditions, players were prevented 
from communicating the missing informa- 
tion about the prizes. 

The experiment took advantage of two 
kinds of strategic equivalence relations. Bi- 
nary lottery games with prizes expressed in 
both chips and money, played in the low 
information condition of this experiment, are 
strategically equivalent! to binary lottery 
games with the same monetary prizes ex- 
pressed in money alone, played in the partial 
information condition of the previous experi- 
ment, because under the rules of the two 
information conditions, any legal message in 
one kind of game would be legal in the other. 
So the strategy sets are the same for both 
kinds of games, as are the utility functions 
and the underlying set of alternatives. Also, 
games expressed in both chips and money, 
played in the intermediate information con- 
dition of this experiment, are strategically 
equivalent to games expressed in money alone 
played in the full information condition of 


"Two games are strategically equivalent if they can 
both be represented by the same game in strategic form. 
Thus, any theory of games which depends only on the 
strategic form of a game yields the same prediction for 
strategically equivalent games. (Compare Roth, Malouf, 
and Murnighan, 1981.) 
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the previous experiment, so long as the 
monetary values of the two prizes in each 
money game are in the same proportion as 
the numbers of chips in the prizes in the 
corresponding chip game. This is because 
any legal message in one kind of game can 
be transformed into a legal message in the 
other kind of game by substituting references 
to chips for references to money (or vice 
versa) in any message concerning the value 
of the prizes. 

If the observed difference between the par- 
tial. and full information conditions of the 
previous experiment was due to the players 

. different strategy sets in the two conditions 
(the “strategic hypothesis"), then a similar 
difference should be observed between the 
low and intermediate information conditions 
of this experiment. The observed results did 
not support the strategic hypothesis. The low 
and high information conditions replicated 
the partial and full information conditions of 
the previous experiment, but the outcomes 
observed in the intermediate information 
condition did not differ significantly from 
those in the low information condition. In 
the intermediate information condition, the 
observed agreements tended to give both 
players equal probabilities, regardless of the 
size of their prize in chips. Thus, information 
about the artificial commodity, chips, did 
not affect the outcomes in the same way 
as did strategically equivalent information 
about money. 
' Both the above experiments revealed an 


effect of information which cannot be ex- - 


plained by existing models. The experiment 
of Roth and Murnighan was conducted to 
separate this effect into components result- 
ing from the possession of specific informa- 
tion by specific individuals, and to assess the 
extent to which the observed behavior can be 
_ characterized as equilibrium behavior.” 

In the two earlier experiments, either both 
bargainers knew their opponent’s prize, or 
neither bargainer knew his opponent’s prize. 
Also, it was always common knowledge 
whether the bargainers knew one another’s 
prizes. Information is common knowledge in 


- We refer here to the familiar noncooperative equi- 
librium of Nash (1951). 
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a game if it is known to all of the players, 
and if every player knows that all the players 
know, and that every player knows the others 
know that he knows, and so forth (compare 
David Lewis, 1969; Robert Aumann, 1976; 
and Paul Milgrom, 1981). Two bargainers 
can be thought of as having common knowl- 
edge about an event if the event occurs when 
both of them are present to see it, so that 
they also see each other seeing it, etc. In 
these experiments, a set of instructions pro- 
vides common knowledge to the bargainers if 
it contains the information that both of them 
are receiving exactly the same instructions. 

Each game of the third experiment was a 
binary lottery game in which one player had 
a $20 prize and the other a $5 prize. In each 
of the eight conditions of the experiment, 
each player knew at least his own prize. The 
experiment used a 4 (information)X2 (com- 
mon knowledge) factorial design. The in- 
formation conditions were: 1) neither knows 
his opponent's prize; 2) the $20 player knows 
both prizes, but the $5 player knows only his 
own prize; 3) the $5 player knows both prizes, 
but the $20 player knows only his own prize; 
and 4) both players know both prizes. The 
second factor made this information com- 
mon knowledge for half the bargaining pairs, 
but not common knowledge for the other 
half. . 
The results of this experiment. permitted 
three principal conclusions. First, the effect 
of information on the agreements reached is 
primarily a function of whether the player 
with the smaller prize knows both prizes. 
Second, whether this information is common 
knowledge influences the frequency of dis- 
agreement, with more disagreements oc- 
curring in the noncommon knowledge condi- 
tions. Third, in the noncommon knowledge 
conditions, the relationship among the out- 
comes showed virtually no departure from 
equilibrium. 

Together, these three ExDuimenls permit 
us to speculate fairly specifically on the cause 
of the observed information effects. The first 
experiment demonstrated an effect of in- 
formation about the prizes which could not 
be accounted for in terms of players’ prefer- 
ences over consequences (lotteries). The sec- 
ond experiment showed that this effect could 
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not be accounted for by the set of available 
actions (strategies). The third experiment 
showed that the effect is consistent with ra- 
tional (equilibrium) behavior. Thus, if we 
continue to hypothesize that the players are 
(approximately) Bayesian utility maximizers, 
it must be that the effect of information is 
due to a change in the players' subjective 
beliefs. For example, information about the 
prizes, and whether this information is com- 
mon knowledge, may influence the players' 
subjective probabilities concerning what 
agreements are likely to be acceptable to 
their opponents. 

To see how the bargainers’ expectations 
might influence the outcome, consider the 
following “thought experiment" A ran- 
domly selected individual plays some large 
number of games in which he bargains over 
how to divide a certain sum of money. Al- 
though he doesn't know it, all his opponents 
are confederates of the experimenter, and 
they all allow him to obtain, say, 80 percent 
of the available money. After he has gone 
through this experience, you have the oppor- 
tunity of bargaining with him on your own 
behalf (i.e., not as a confederate). His past 
success is common knowledge. It will be 
difficult to bargain with him on an equal 
basis, since he expects (and has every reason 
to expect) to receive 80 percent of the avail- 
able money, and since he expects (and has 
every reason to expect) that you will concedé 
it to him. Suppose the rules of the game are 
that, after completing any negotiations, the 
players each separately write down their de- 
mands. They receive their demands if they 
are compatible, and otherwise receive noth- 
ing. If this is the only time you will be 
bargaining with him, the fact that this ran- 
domly selected individual now expects to get 
80 percent will make it very risky for you to 
write down a demand of more than 20 per- 
cent. 

To make precise how such subjective ex- 
pectations can affect the decisions made by 
bargainers, consider a simple model of 
bargaining in a two-stage binary lottery game. 
In stage one, each individual i makes a de- 
mand: he states the probability p; (of win- 
ning his prize) which he wants and offers 
1— p, to his opponent. In stage two, each 
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bargainer chooses between repeating his de- 
mand or accepting his opponent's offer. An 
agreement occurs whenever the probabilities 
demanded add up to no more than 1. No 
messages can be exchanged. 

If, in stage one, the two bargainers’ de- 
mands add up to no more than 1, an agree- 
ment is reached at which each bargainer i 
wins his prize with probability p,. If the 
probabilities in stage one add up to more 
than 1, the outcome depends on the players’ 
decisions in stage two. If each repeats his 
demand, a disagreement results and each will 
have a zero probability of winning his prize. 
If player i repeats his demand p; and player j 
accepts his opponent's offer, there is an 
agreement on i's terms: i will win his prize 
with probability p, and j will win his prize 
with probability (1— p;). If both i and j 
accept the other's offer, i will win his prize 
with probability (1— p,) and j will win his 
prize with probability (1— p;). 

Having both stated their demands in stage 
one, each bargainer must decide in stage two 
whether to repeat his demand or accept the 
other's offer. His expectations as to his oppo- 
nent's behavior play a crucial role. The hy- 
pothesis which the experiment described in 
the next section is designed to test is that the 
expectations of the bargainers can be manip- 
ulated independently of the strategic possi- 
bilities and feasible outcomes of the bar- 
gaining situation. This is at odds with the 
traditional view, perhaps most explicitly 
stated by John Harsanyi (1977), who con- 
siders two-stage bargaining games of essen- 
tially this form, and argues that rational 
players’ subjective probabilities are deter- 
mined by the data of the game. 


II. The New Experiment 


Agreements in the previous experiments 
tended to cluster around two divisions of the 
lottery tickets: one kind of agreement split 
the lottery tickets equally between the bar- 
gainers, the other gave the bargainers equal 
expected monetary payoffs. This experiment 
investigates whether, by manipulating the 
bargainers' expectations, one or the other of 
these two kinds of agreements can be ob- 
tained as a stable equilibrium. 
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Each player played 25 identical two-stage 
binary lottery games, of the kind discussed 
above. Although players were told that they 
bargained with another individual in each 
game, each individual in fact played against 
a programmed opponent (the computer) in 
the first 15 games, as in the thought experi- 
ment. Half the participants had a prize of 
$40 and half a prize of $10; both players 
knew both prizes, and players whose prize 
was $40 always bargained against players 
whose prize was $10 (each player had the 
same prize in all 25 games). Subjects were 
divided into three experimental conditions. 
The first was a 20—80 condition in which the 
computer was programmed to promote a 
20—80 division of the lottery tickets, which 
yields equal expected payoffs. The second 
was a 50-50 condition in which subjects 
bargained with a computer programmed to 
promote the equal division of lottery tickets. 
The third condition was.the control: subjects 
never bargained with the computer but al- 
ways with other members of that group. 

In the 20—80 condition, the agent whose 
prize was $40 bargained with a computer 
programmed to randomly select a first de- 
mand between 75 percent and 80 percent, 
and to repeat its demand in the second stage. 
The programmed opponent of the $10 player 
randomly selected a demand between 20 and 
25 percent, and in stage two it accepted any 
offer giving it at least 20 percent of the 
lottery tickets. In the 50—50 condition, the 
programmed opponent of the $40 player ran- 
domly selected a first demand between 70 
and 75 percent of the lottery tickets and in 
stage two accepted any offer giving it at least 
50 percent. The $10 player bargained with a 
computer that randomly selected a first de- 
mand between 45 and 50 percent of the 
lottery tickets, and in stage two always re- 
peated its demand. 

In trials 16 to 25, subjects in each group 
bargained with other members of that group. 
Each game was played with a different anon- 
ymous opponent. Bargainers also received 
additional information, about their oppo- 
nent's reputation as established in trials 11 
through 15. They were told their opponent's 
first demand, whether he repeated it or 
accepted his opponents offer, and which 
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agreement, if any, was reached in each of 
trials 11 to 15, that is, in the final 5 games 
played against the computer, (when each 
players behavior reflected his experience 
against a programmed opponent). In trials 
16 to 25, every bargainer's experience against 
the programmed opponents was made com- 
mon knowledge in this way, as in the thought 
experiment.? 

"Two elements influence the expectations 
of a pair of bargainers: their experiences and 
their reputations. Consider a typical pair in 
the 20-80 condition, at trial 16. The $40 
player has never obtained an agreement in 
which he received more than 25 percent of 
the lottery tickets. He knows his opponent is 
aware of his reputation as established in 
games 11 to 15. Thus a $10 player, whose 
own experience has led him to expect that 
his opponent will capitulate to a demand for 
equal expected monetary payoffs, has his 
expectations reinforced when he confronts a 
$40 player whose reputation indicates that he 
has, in the past, given in to such demands. 
Similarly a $40 player, whose experience is 
that opponents are adamant about an equal 
division of expected payoffs, will have his 
expectations confirmed by a reputation indi- 
cating that his current opponent has previ- 
ously behaved in this way. 

The experiment is designed to distinguish 
between two competing hypotheses. The 


dy 


Players were not informed, until after trial 15, that 
their reputations would be displayed. So reputation in 
this experiment serves only as an indicator of a player's 
past bargaining experience (in periods 11-15). This is in 
contrast with models in which the players know in 
advance that they are building a reputation. Robert 
Rosenthal (1979), and Rosenthal and Henry Landau 
(1979) consider repeated games with complete informa- 
tion in which players can strategically build and main- 
tain reputations in the course of play, in order to 
influence future encounters. David Kreps and Robert 
Wilson (1982b), Milgrom and John Roberts (1982), and 
Kreps et al. (1982) consider games of incomplete infor- 
mation in which players may seek to play in early 
encounters in such a way as to build a reputation that 
will mislead future opponents about their true objective 
function. However, in the games played in this experi- 
ment, the fact that players are not aware that they are 
building a reputation in periods 11—15, and cannot 
subsequently alter the reputation established in those 
periods, removes any possibility that an incentive to 
alter his reputation can influence a player's bargaining 
behavior. 
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classical game-theoretic hypothesis, which 
states that the outcome of a game can be 
predicted from the set of feasible utility pay- 
offs and strategic possibilities, implies that, 
in this experiment, the different experimental 
conditions should have no continuing effect. 
Specifically, if this is correct, we would ex- 
pect to observe that, starting with trial 16, 
any differences between the two experimen- 
tal conditions and the control condition 
would begin to disappear and the outcomes 
in the three conditions should converge over 
time, as continued play removes any tran- 
sient effects due to the initial experience of 
players in the 20—80 and 50—50 conditions. 

But if the expectations have a critical role 
in determining the outcome, as suggested by 
the earlier experiments, then we should ex- 
pect to see divergent outcomes, established 
in the first 15 trials, persist in a stable fash- 
ion in each of the three conditions. We would 
expect the first condition's mean agreement 
to be near 20—80 and the second condition’s 
to be near 50—50. The control condition's 
mean agreement should be somewhere be- 
tween these two. This would be consistent 
with the hypothesis that the players’ expecta- 
tions were the uncontrolled factor account- 
ing for the results of the previous experi- 
ments. 


III. Method 


Each participant was seated at a visually 
isolated terminal of the PLATO computer 
system at the University of Illinois. Par- 
ticipants received all instructions and con- 
ducted all communication through the termi- 
nal There were ten participants in each of 
the three conditions, which were conducted 
simultaneously. Subjects were undergradu- 
ates. Pretests were run with the same subject 
pool (but different subjects) to ensure that 
the instructions were easily understandable. 

Background information including a brief 
review of probability theory was presented 
first. The rules of the game were then intro- 
duced. A demand p; was a number which 
was the sender's probability of winning his 
prize; 1— p, was the probability offered to 
his opponent. As in the previous experi- 
ments, probabilities were presented in terms 


ROTH AND SCHOUMAKER: EXPECTATIONS IN BARGAINING 367 


of the division of lottery tickets. The PLATO 
system computed the expected value of each 
demand and associated offer for both bar- 
gainers. After being made aware of these 
computations, a bargainer was given the op- 
tion of cancelling his demand before its 
transmittal. After both demands were trans- 
mitted, stage two began. In stage two, each 
player had the choice of repeating his own 
demand or accepting his opponent’s offer. 
When both decisions were made, the bar- 
gainers were informed of the outcome.‘ Par- 
ticipants were told that they bargained with 
a different individual in each game. In both 
stages, the bargainers were not informed of 
their opponent’s decision until their own de- 
cision had been transmitted. 

The bargainers in the 20-80 and 50-50 
condition were paired with the appropriate 
programmed opponent for the first 15 trials. 
The instructions led them to believe they 
were bargaining with other individuals. The 
members of the control group were paired 
with other members of the control group. 
After trial 15, new instructions appeared on 
the screen and introduced the notion of rep- 
utation. Note again that.as a bargainer was 
establishing his reputation, in trials 11 to 15, 
he did not know he was doing so. Trial 16 
began with each bargainer’s screen display- 
ing both his own reputation and his oppo- 
nent’s. Each $40 player bargained twice with 
each $10 player. The value of the prizes was 
common knowledge. 

After game 25, the payoffs were computed 
as described in the initial instructions: for 
each bargainer, one of games 1 to 25 was 
randomly selected; the corresponding lottery 
was then conducted with the specified prizes 
and the probabilities agreed upon in that 
randomly selected game. The players were 
directed to the monitor who paid them. 


IV. Results 
Figure 1 shows the mean agreements, by 


trial, for each of the three conditions for the: 
$40 player. The figure makes clear that the 


“There was a time limit of two minutes for the first 
stage and one minute for the second stage. 
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TABLE 1 — MEAN OUTCOMES: ALL NEGOTIATIONS INCLUDED; TRIALS 16-25 


20-80 
$40 Player 22.4, 
$10 Player 57.0, 
Mean 39.7 


Control 


30.24. 
39.0, 


50-50 Mean 
40.8, 31.1 
41.ly 45.7 
34.6 40.9 


Note: Cells with common subscripts are not significantly different from one another at 
the .05 level using the Newman-Keuels procedure. 


% of 
lottery 


tickets 


50 50-50 
MM ee al 


44 
42 r , 
40 Control 





FIGURE |. AVERAGE PERCENTAGE OF LOTTERY TICKETS 
OBTAINED BY $40 PLAYER WHEN AGREEMENT 
WAS REACHED IN TRIALS 16-25 


agreements reached in the three conditions 
differ markedly. | 

` Preliminary analyses yielded no significant 
effects for trials for the total set of bargain- 
ing outcomes and for the set that excluded 
disagreements. Thus, the remaining analyses 
combined the data from the ten bargaining 
sessions. Analyses of variance for players 
(high prize vs. low prize) and condition 
(20—80, 50—50, and control) were conducted 
for the outcomes over all negotiations (in- 
cluding disagreements), for the outcomes ex- 
cluding disagreements, and for the first and 
second offers made by the players. All the 


‘TABLE 2— MEAN AGREEMENTS: 
DISAGREEMENTS EXCLUDED; TRIALS 16-25 


(50 20-80 Control 50-50 
$40 Player 27.3, 43.24 49.7, 
$10 Player 69.5, 55. 50.2, 


Note: See Table 1. 


analyses yielded significant effects for condi- 
tion and for the interaction between players 
and reputation (F-ratios in each case ex- 
ceeded 16, with p <.001 in each case). The 
mean outcomes are shown in Tables 1 and 2, 
along with the results of post hoc tests on the 
significant interactions indicating that, in 
each case, outcomes in the 20—80 condition 
were significantly different from the 50~50 
or control condition. The agreements that 
were reached in the control condition (with - 
disagreements excluded) were between those 
of the other two conditions. The compelling 
nature of a 50—50 agreement in the 50—50 
condition is highlighted by the extremely low 
variance in the 50-50 condition in contrast 
with the high variance in the 20—80 condi- 
tion (see Table 3, which lists ail final out- 
comes). 

Generally, the demands reflected the repu- 
tations established (see Table 4): in the con- 
trol condition, most of the offers centered 
around 50—50. There were 9 disagreements 
in each of the 50—50 and 80—20 conditions, 
and 15 disagreements in the control condi- 
tion. Although these frequencies are not sig- 
nificantly different from one another (x?(2) 
— 2.18), they suggest that the experimental 
treatment contributed to a reduction in the 
number of disagreements and an increase in 
efficiency of the bargaining, as compared to 
the control condition. 


TABLE 3— UNAGGREGATED DATA 





Control 50—50 Condition 20-80 Condition 
Trial Outcome Player Outcome Player Outcome Player 
16 44-52 1-6 0-0 1-10 20-80 1-10 
45-55 3-8 50-50 3-2 50-50 3-2 
0-0 5-10 0-0 5-4 0-0 5-4 
0-0 7-2 50-50 7-6 25-75 7-6 
42-58 9-4 49-51 9-8 0-0 9-8 
17 47-53 1-10 50-50 1-8 22-62 1-2 
50-50 3-2 53-47 3-10 35-50 3-4 
45-50 ‘5-4 0-0 5-2 30-70 5-6 
40-60 71-6 50-50 7-4 25-60 7-8 
40-60 9-8 45-51 9-6 20—80 9-10 
18 50—50 1-2 50-50 1-6 20-79 1-8 
45-55 3-4 0-0 3-8 0-0 3-10 
0-0 5-6 50-50 5-10 30-70 5-2 
40-60 7-8 50-50 7-2 50-50 7-4 
37-63 9-10 48-52 9-4 25-70 9-6 
19 45-53 1-4 0-0 1-4 20-80 1-6 
50-50 3-6 50-50 3-6 0-0 3-8 
0-0 5-8 50-50 5-8 12-88 5-10 
35-65 7-10 50-50 7-10 21-79 7-2 
46-50 - 9-2 49-51 9-2 25-70 9-4 
20 41-59 1-4 - 50-50 1-10 22-65 1-4 
50-50 3-6 50-50 3-2 25-50 3-6 
35-65 5-8 50-50 5-4 25-70 5-8 
0-0 7-10 50-50 7-6 21-79 7-10 
46-50 9-2 0-0 9-8 20-80 9-2 
21 34-66 1-10 50-50 1-2 20-80 1-6 
50-50 3-2 0-0 3-4 50-50 3-8 
0-0 5-4 50-50 5-6 0-0 5-10 
45-50 7-6 50-50 7-8 50-50 7-2 
35-65 9-8 49-51 9-10 32-65 9-4 
22 50-50 1-2 50-50 1-6 0-0 1-10 
45-55 3-4 50-50 3-8 11-89 3-2 
0-0 5-6 50-50 5-10 33-66 5-4 
0-0 7-8 50—50 7—2 0-0 7-6 
34-66 9-10 49-51 9-4 25-65 9-8 
23 40-55 1-6 50-50 1-4 21-78 1-2 
0-0 3-8 0-0 3-6 35-50 3-4 
0-0 5-10 50-50 5-8 30-70 5-6 
0-0 7-2 50-50 7-10 25-75 7-8 
0-0 9-4 50-50 9-2 0-0 9-10 
24 0-0 1-8 0-0 1-8 20-80 1-8 
45-55 3-10 50-50 3-10 0-0 3-10 
50-50 5-2 50-50 5-2 24-76 5-2 
45-55 7-4 50—50 7-4 50-50 7-4 
41-58 9-6 47-53 9-6 30-70 9-6 
25 50-50 1-2 50-50 1-2 20-80 1-10 
0-0 3-4 50-50 3-4 20-80 3-2 
40-60 5-6 50-50 5-6 30-70 5-4 
0-0 7-8 .50-50 7-8 25-75 7-6 
34—66 9-10 49-50 9-10 25-75 9-8 


Note: For each condition, for each trial, each line gives the outcomes for the player 
(with the $40 player’s outcome first) and the players’ number. Notice that odd 
numbered players are the $40 ones. For example, the first line in the control condition 
reads: ($40) player 1 bargained with ($10) player 6 and the outcome was 44 percent of 
the lottery tickets for 1 and 52 percent of the lottery tickets for player 6. 
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TABLE 4— REPUTATION? 
Control Condition ' 50-SOCondiióh | 20-80 Condition 


,- First Second First. Second ^" . -First Second 
Player Trial Demand Demand Outcome Demand Demand .Outcome Demand Demand Outcome 


E u 62 35 35. = 50 50 50 20 20 20 
12 55 55 55 51 51 10 " 20 20 20 

13-5. 55 51 51. . 5350 , 50 50 23 20 20 

14 47 47 0 51 7 ^5 0 . 23 20 20 

15 55 35 35 580 | 50 .50 , .,23 20 20 

2 1 49 49 49 35 51 “SL: +2 84 79 79 
. n 49 49 49 55 52 52 | mg 77 77 

13 49 49. 49. 55 52 52. T 86 73 78 

14 49 49 49 55 ^ 50 50 "092 | 79 79 

15. 55 50 50 $5. OSB l 53 . 80 . 80 80 

3 1l 50 50 50 50 50 50 70 221 21 
12 50 50 0 55 55 0 80 24 24 

13 50 50 50 50 50 50 100 — 20 20 

14 50 40 40 51 51 0 50 25 25 

15 50 50 50 50 50 50 65 ^ 21 21 

4 ll 68 68 68 55 51 51 80 7 79 
12 62 62 62 55 51 51 65 65 65 

13 85 50 50 80 52 52 100 75 75 

14 65 65 0 80 80 0 100 78 78 

15 56 56 50 80 52 52 100 79 79 

5 t 51 2 32 55 55 0 29 29 0 
12 51 51 0 50 50 50 70 | 70 0 

13^ .,51 51 0 2. 27 27 40 . 40 0 

l4 50 40 40 60 29 29 35. 35 0 

15 50 45 45., 50 50 50 46 20 20 

6 11 75 75 0 54 53 53 2 8 0 
12 75 45 45 ` 53 53 0 80 — 80 80 

13 75 75 0 52 52 52 80 — 80 80 

l4 60 50 50 65 52 52 80 —80 80 

15 60 56 56 59 52 52 80 — 80 80 

7 I 90 90 0 50 50 50 27 20 20 
12 50 50 50 50 50 50 25 23 23 

13 55 40 40 51 51 o , 27 20 20 

14 75 75 0. 50 50 50 26 22 22 

15 55 44 44 50 50 50 30 20 20 

8 1 65 65 0 51 51 51 85 — 78 78 
12 60 60 0 51 51 51 80 74 74 

13 60 60 60 49 49 49 90 78 78 

14 60 60 60 50. 50 50 i80 — 80 80 

15 65 65 65 5l 51 0 80 — 79 79 

9 u 45 45 0 52 52 0 30 20 20 
12 44 38 38 47 28 28 7:35 | 20 20 

13 43 43 0 :; 49 49 49 35 24 24 

14 50 50 50 49 49 49 55 20 20 

15 44 40 . 40 49 |. 49 49 33 20 20 

10 1l 65 65 : 65 " A 53 - 53 82 82 0 
12 70 70 «07 54 52 ^52 80 — 80 80 

. 13 76 16 0 52 52 532 " 80 80 80 

14 66 ' 66 0c 53 53 53 i25 8l 81 0 


15 697 . O. S0  . $54 51 51 ' 80 80. 80 


*Odd numbered players had a $40 prize, even numbered players had a $10 prize. 
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V. Discussion 


The results of this experiment provide 
strong support for the hypothesis that the 
outcome of the bargaining is influenced not 
only by the preferences and strategic options 
of the bargainers, but also by their expecta- 
tions. By manipulating these expectations, it 
proved possible to consistently produce out- 
comes which differed significantly from those 
observed when the players' expectations were 
not manipulated. The fact that there was no 
significant difference over trials indicates that 
these expectations were self-reinforcing, so 
that the outcomes which resulted in the ex- 
perimental conditions were stable and self- 
sustaining. Players who expected their oppo- 
nents to expect equal payoffs (or an equal 
division of lottery tickets) continued to meet 
such opponents, and consequently those ex- 
pectations were reinforced.’ 

These results also lend support to the hy- 
pothesis put forward in Section I to explain 
the results of the previous experiments. Since 
those experiments involved no artificial ma- 
nipulation of the bargainers' expectations, it 
must be that the (common) expectations 
which bargainers formed when different 
kinds of information were available resulted 
in large measure from their previous experi- 
ence. This suggests that there must be many 
kinds of potential conflict in which individu- 
als have common expectations which permit 
them to efficiently reach agreement. The 
benefits to a society of fostering such com- 
mon expectations are obvious, since other- 
wise many bargaining situations would end 
in disagreement. 

The data from the present experiment sug- 
gest that individuals entered the experiment 
with more or less mutually consistent prior 


5The experimental conditions can be interpreted as 
having changed the strategic risk posture of the players, 
as measured by the certain payoff which they would 
regard as equivalent to the (risky) opportunity to engage 
in the bargaining. The notion of strategic risk posture 
(introduced in Roth, 1977a,b), and studied in the con- 
text of bargaining games in Roth (1978, 1979) plays a 
role parallel to ordinary risk posture in determining an 
individual's utility for engaging in a game. The role of 
ordinary risk posture in bargaining models is explored 
in Roth and Uriel Rothblum (1982). 
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expectations about what kinds of agreements 
would result, and that they updated these 
expectations in response to their experience 
in the experiment. These prior expectations, 
as reflected in the control condition, yielded 
outcomes closer to 50—50 than to 20-80. It is 
perhaps for this reason that the outcomes in 
the 50—50 condition showed so much smaller 
variance than those in the 20—80 condition. 

These results have several implications for 
the development of the theory of bargaining. 
The most striking is that it may be necessary 
to incorporate the expectations of the bar- 
gainers into any description (or definition) of 
equilibrium outcomes, and that there may in 
general be multiple equilibria supported by 
different sets of mutually consistent expecta- 
tions. Some models consistent with this 
suggestion have already been explored, and 
the notion that agents' beliefs play a role in 
determining. outcomes is not a new one 
However, the results of this experiment sug- 
gest that, because of the role which agents' 
beliefs play in determining the outcome of 
bargaining, it may be necessary to look to 
models in which at least some elements of 
the expectations which players bring to the 
bargaining will be empirically determined ex- 
ogenous variables. 


6An interesting paper in which a general definition of 


'equilibrium in games is proposed which explicitly in- 


volves certain beliefs of the players is Kreps and Wilson 
(1982a). 
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Asymmetric Price Rigidity and Inflationary Bias 


By TIMUR KURAN* 


When prices adjust in response to market 
disturbances, they usually do so in discrete 
jumps. Even when market conditions are 
changing continuously, prices tend to remain 
fixed for substantial lengths of time. The 
commodities fitting this general pattern in- 
clude most retail goods, services, and inter- 
mediate materials.! 

While it is widely recognized that this pric- 
ing pattern holds for both upward and 
downward adjustments, there is no con- 
sensus as to whether these are mirror images 
for given individual firms. Some scholars 
believe that upward adjustments are gener- 
ally more pronounced in magnitude or 
frequency than downward adjustments. Rob- 
ert Solow (1980), for instance, believes on the 
basis of casual observations of some macro- 
economic evidence, that commodity prices 
are sticky downward. 

Many others, however, view the issue as a 
completely open question. Phillip Cagan 
(1979) has documented that prices in the 
United States tend to rise more in response 
to increases in demand than they fall in 
response to corresponding decreases in de- 
mand; but he is careful to point out that our 
present knowledge does not permit us to 
attribute his evidence to biases in the adjust- 
ment behavior of individual firms. Arthur 
Okun's (1981) research, in contrast, does not 
point toward an upward bias in prices, yet 
he, too, agrees that the issue is far from 
closed.” 


*Assistant professor of economics, University of 
Southern California. I am indebted for helpful criticisms 
and suggestions to Kenneth Arrow, Paul Evans, David 
Starrett, and an anonymous referee. Responsibility for 
any errors or omissions is, of course, entirely mine. 

The main exception is organized exchanges for raw 
materials. 

? Cagan’s hesitation stems partly from arguments that 
secret discounting imparts flexibility to actual transac- 
tion prices when the quoted prices are rigid. He does 
concede, however, that even the important empirical 
study of George Stigler and James Kindahl (1970), 
undertaken to demonstrate that prices are substantially 
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It is quite possible, of course, for the ad- 
justment policies of different types of firms 
to be asymmetric in opposite directions, and 
for some firms to display perfectly symmet- 
ric behavior. It is also possible for a given 
firm to exhibit asymmetric pricing behavior 
in response to some kinds of disturbances 
but not others. If indeed there are firms in 
the economy which display asymmetric be- 
havior in one situation or another, one ought 
to be able to establish this both empirically 
and analytically. 

This paper examines the adjustment poli- 
cies of one particular class of business firms: 
profit-maximizing monopolistic firm$ with 
nondecreasing marginal cost functions and 
nonincreasing elasticity demand functions. 
The specific disturbances considered in the 
analysis are changes in the general price level. 

I show that firms in this class which incur 
fixed-price-adjustment costs are likely to 
change their prices less often under deflation 
than they would under an equivalent infla- 
tion. I also demonstrate that the price-adjust- 
ment policies of these firms can be biased 
upward, in the sense that under given infla- 
tionary expectations the firms raise their 
prices more than they would lower them 
were they to have symmetric deflationary 
expectations. Finally, I establish that infla- 
tionary uncertainty about any core rate of 
inflation can heighten the upward bias in the 
firms’ adjustment policies. 

The intuitive explanation for all these find- 
ings is that for a given firm the opportunity 
cost in any period of charging a suboptimal 
real price is not symmetric around the firm's 
optimal price. Money illusion is not the cause 





more flexible than they appear in official statistics, fails 
to settle the issue. As for Okun's doubts, they appear to 
be linked to the administered price thesis expounded by 
Gardiner Means and others (1975). Robert Gordon 
(1981) provides a splendid summary of the macroeco- 
nomic evidence and a survey of related theoretical argu- 
ments, 
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of this basic asymmetry: it exists even if the 
firm, its consumers, and sellers of its inputs 
all base their decisions on real magnitudes. 

In the model presented, the firm's cumula- 
tive price adjustment cost is assumed to be 
invariant to the direction and size of adjust- 

“ment. This assumption is realistic when the 
cost.arises entirely from the price decision 
process and the dissemination of price infor- 
mation. For any actual firm, though, there 
exist various other costs which may differ 
between upward and downward adjust- 
ments,’ or with the size of adjustment, and 
asymmetries could arise in the firm's price- 
adjustment policy for this reason alone. The 
rationale for assuming that the cumulative 
cost is fixed is not to deny that it may differ 
between upward and downward movements 
for an individual firm, but rather to demon- 
strate that asymmetries can exist in the firm's 
price-adjustment policy even when the ad- 
justment cost is fixed. 

An important simplifying assumption in 
the model is that the firm has a two-period 
planning horizon. In a more complete formu- 
lation, the horizon would depend explicitly 
on the costs of developing and disseminating 
price policies as well as on the degree of 
uncertainty concerning demand and the gen- 
eral price level." In practice, since the future 
is uncertain and planning is costly, firms use 
finite planning horizons, the lengths of which 
vary widely. Each firm determines the length 


3Decision and dissemination costs are incurred 
through activities such as detecting the need for a change, 
altering bookkeeping entries, printing and mailing new 
catalogs, changing price labels, and readjusting coin 
vending machines. i 

^For many firms, as Okun has discussed in detail, 
customers’ need for dependability imposes costs for 
upward but not downward price changes. The same 
asymmetry exists for regulated firms which can gain 
approval for price increases only through costly lobby- 
ing efforts, but can lower their prices at will. An oppo- 
site asymmetry is present in oligopolistic industries where 
a price decrease, but not an increase, carries with it the 
risk of a costly price war. 

5Sec Michael Intriligator and Eytan Sheshinski (1979) 
for a general analysis of the horizon decision in eco- 
nomic planning. They show that the optimal planning 
horizon is infinite only in the hypothetical case where 
the firm knows with perfect certainty demand condi- 
tions and the price level for all time periods. 
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of its horizon according to such characteris- 
tics as market structure, the quality of infor- 
mation about market conditions, planning 
costs, and industry rules of thumb. The two- 
period formulation presented here should be 
regarded as a simplification of the finite- 
horizon planning model which captures the 
essential aspects of the problem. 

A related simplifying assumption is that 
the firm's horizon is fixed, in that successive 
horizons do not overlap. This means that the 
firm cannot modify a price decision made at 
the beginning of a horizon. In practice, even 
firms which issue catalogs at pre-announced 
intervals reserve the right to change their 
prices without notice. Due to the heavy costs 
involved, however, they prefer to exercise 
this right only in the event of a great surprise. 
Mail-order firms, for instance, issue price 
catalogs at intervals which depend on their 
expectations about inflation. While their 
predictions of the price level frequently turn 
out to be wrong, they do not revise their 
prices ahead of schedule, unless the predic- 
tion error is drastically large. 

Section I contains a formulation of the 
basic model in which the firm has a constant 
elasticity demand function and a constant 
marginal cost function, and is assumed to 
know with certainty the proportional change 
in the price level between the two periods in 
its planning horizon. The section proceeds to 
determine the range of the inflation factor 
for which price adjustment is unprofitable. 
Section II then shows that this range is gen- 
erally not symmetric around one. Section III . 
establishes that the firm's optimal price- 
adjustment policy is biased upward, and that 
uncertainty would compound the inflation- 
ary bias. The formal results are generalized 
considerably in Section IV to include any 
nonincreasing elasticity demand function and 
any nondecreasing marginal cost function. 
Section V summarizes the results and touches 
upon their potential macroeconomic implica- 
tions. 


$For some casual evidence from the United States, 
see the Wall Street Journal news briefs assembled by 
Sheshinski and Yoram Weiss (1977). 
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I. The Model 
A. Profit Functions 
Consider a profit-maximizing monopolist 
with a two-period planning horizon. This 
firm's demand in period 1 is given by 


(1) x,;=ap;’, a>0, b>l, 


where a specifies the market size in period 1, © 


b is the price elasticity of demand, and p 
denotes nominal price per unit of output. 
The general price level is normalized to be 
one in the first period, making the nominal 
and real prices equal. In period 2, the firm 
expects its demand to be 


(2) x)= a6(p,/n) ^, 


0x60-«o, 0<p<o, 
where 0 and u are proportional indexes of 
the changes in its market size and the price 
level, respectively." When 0 and p are both 
equal to one, the firm expects neither its 
market size nor the price level to change 
relative to their values in period 1. A value of 
0 less than one (greater than one) implies 
that the firm expects its market to shrink 
(expand) in period 2. When yg is less than 
(greater than) one, the firm expects the price 
level to fall (rise). For the time being, it will 
be assumed that the firm knows 0 and p with 
certainty. It is important to emphasize that 
money illusion is absent from this demand 
system since the homogeneity postulate of 
neoclassical economics is satisfied. 

For each unit of output, the firm incurs a 
constant positive real cost denoted by c. In 
nominal terms, therefore, cost per unit is c in 
period 1 and cu in period 2. If the firm 
chooses to charge different nominal prices in 
each period, it also incurs a real adjustment 
cost, 9, in period 2.* Assuming there is no 


"Implicit in this formulation is the assumption that 
the firm is small enough to ignore its own influence on 
the price level. 

S'The cost of choosing a price in period 1 is treated as 
a fixed cost and hence disregarded. 
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capacity constraint, the firm’s nominal prof- 
its in each period are given by 


G) Ih(p)-x(ni-9) 
(4) IL( 5;) = xY( p EE cu.) — 8( ne), 


where ô is a Kronecker delta which takes the 
value 0 if p, = pa, and the value 1 otherwise. 
Note that nominal changes are assumed to 
be costly even when no real change is in- 
volved. This is a natural assumption since 
almost all firms set their prices in nominal 
terms. Even in high-inflation countries where 
wage and bond indexation are common, very 
few prices, wholesale or retail, are linked to 
the general price level.’ 

The assumption that real input costs are 
impervious to changes in the price level has a 
significant bearing on the results to be pre- 
sented, so it must be justified before proceed- 
ing. There are two rationales for this assump- 
tion, one involving material costs and the 
other labor costs. The material component of 
costs could conceivably fluctuate over time 
because the suppliers themselves incur price 
adjustment costs. Considering, however, that 
the production of almost any commodity 
requires multiple material inputs and that 
price adjustment patterns are imperfectly 
synchronized across suppliers, it appears that 
the cumulative real cost of material inputs 
would not in general be seriously affected by 
changes in the price level. The labor compo- 
nent of costs, on the other hand, is not 
affected by inflation because wages are often 
implicitly, and sometimes explicitly, linked 
to the price level.!° 


B. Alternative Price Policies 


At the beginning of period 1, the firm 
must decide whether to charge the same or 
different nominal prices in the two periods. 


?In an economy where firms’ prices were indexed, 
price level movements would generate automatic and 
costless changes in nominal prices. In such an economy, 
firms would incur costs only for real price changes. 

See Okun (chs. 2, 3, and 6) for an analysis of why 
wage indexation is so prevalent. 


376 THE AMERICAN ECONOMIC REVIEW 


To determine the profit-maximizing se- 
quence of prices, the firm calculates and then 
compares the present discounted value of 
total real profits under each of these two 
price policies. The real discount factor is 
p =1/(1+ r), where r denotes the real inter- 
est rate. 

If the firm chooses to pursue a one-price 
policy, the optimal nominal price is that 
which maximizes its total discounted real 
profits 


(5) n(p)-IL (p) on-'IL (p), 
where p — p, = pa, and IL,(p) is given by 
(4) with 8 — 0. Taking the first-order condi- 
‘tion of (5) and rearranging terms gives the 
optimal p as 
b 
(1+ p^ 7!) 


where P — bc/(b —1). Substituting (6) into 
(5) yields the firm's maximum real profit as 


(1+ p0y -!)* 


(7) | [t= L? 
i (1+ p0p)’ 
where $ = aP ^ (P — c). 
The firm's other option is to pursue a 
two-price policy. In this case, its maximand 
takes the form 


(8 I(p,p;)71l (pi) * pe IL, (pP), 


where II,( p?) is given by (4) with 6 =1. The 
first-order conditions of (8) give 


(9) pi*-P; 


(10) pi'- Py, 


which are the monopoly prices in each period. 
Note that p, and p, are independent of a and 
8. Whereas the optimal one-price policy al- 
most always depends on the relative market 
sizes in the two periods,!! here p, and p, are 


l'The optimal one-price policy is independent of 8 
only when p=1. In this special case, the vector of 
optimal prices is the same under each policy, but profits 
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invariant with respect to the market size 
parameters. By substituting the optimal 
prices into (7), we obtain the maximum level 
of discounted real profits as 


(11) II** = 6(1-- p0)— pv. 


C. Optimal Price Policy 


Now let us define the function 
(12) G(p,0) S II* — II**. 


Given a pair of values for u and 9, the sign 
of G determines the firm's optimal price 
regime. The one-price policy is optimal when 


. G0, and the two-price policy is optimal 


when G < 0. In cases where G = 0, the firm is 
indifferent between the two regimes, but to 
facilitate exposition of the results, it is as- 
sumed that the firm favors the one-price 
policy. 

To establish the properties of the function 
G, which is depicted in Figure 1, it is useful 
to begin by examining its slope as u varies 
between 0 and oo. Differentiating G with 
respect to u and rearranging terms reveals 
that the function G monotonically increases 
as p varies between 0 and 1, reaches a maxi- 
mum at u =1, and monotonically decreases 
as p increases beyond 1. By substituting p — 1 
into (12), one can see that the maximum 
value of G is py. Intuition bears this out: 
when p=1 the optimal price and output 
levels are the same under the two alternative 
price policies, but real profits are lower un- 
der the two-price policy because of the 
adjustment cost. As p moves away from l in - 
either direction, G takes on values less than | 
p because II* monotonically declines. 

It follows that the equation G(u, 0) - 0 
has a maximum of two roots in p. These 
critical values, when they exist, will be 
denoted by u(0) and ii(0), designating, re- 
spectively, the lowest and highest values of u 
for which the one-price policy is optimal. 
Only if y falls outside this closed interval is it 
optimal to charge different nominal prices in 
each period. 





are lower by the amount p7 under the one- than the 
two-price policy. 
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FIGURE |. THE FUNCTION G AND ITS ASYMPTOTES 
FOR GIVEN f (SEMILOGARITHMIC SCALE) 


II. Analysis of the Critical Values 
A. Existence 


The conditions under which u and ji exist 
can be determined by examining the behav- 
ior of G as u approaches 0 and oo. The limit 
of G as p approaches 0 is py — pọ, implying 
that u exists if and only if n < $0. The limit 
as u approaches oo is py — à, implying that jf 
exists if and only if n < $/p. Thus, a suffi- 
cient condition for the existence of both crit- 
ical values is that y fall short of the mini- 
mum of $0 and $/p. Since the firm is likely 
to have chosen its pricing period sufficiently 
long to make this condition hold, it shall be 
assumed in the following analysis that i and 
ji do exist. ~ 


B. Asymmetry 


Let us begin by examining the properties 
of the set which consists of the ordered pairs 
(»,9) satisfying the equation G(p, 0) — 0. 
This equation implicitly defines u and jk as a 
function of 0. An important initial question 
is whether p.(@) and (0) are generally sym- 
metric around 1. The relevant concept of 
symmetry is, of course, the geometric one, 
since p represents proportional changes in the 
price level. By definition, p and ji are sym- 
metric if and only if their geometric mean fi 
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is equal to 1. The following proposition estab- 
lishes the magnitude of f in relation to 1:?? 


PROPOSITION 1: 4(0)2Z if and only if 02 
1/p. 


It follows from this proposition, since 1/p 
=] +r, that p and iij are symmetric around 1 
when 8 —1-—r, where 0 —1 can be inter- 
preted as the growth rate of the size of the 
market. When the market growth rate ex- 
ceeds the interest rate, the one-price policy 
remains optimal for proportionally larger in- 
creases in the price level than decreases. In 
contrast, when the growth rate is lower than 
the interest rate, the one-price policy stays 
optimal for larger decreases than increases. 

The functions p(8), (0), and f(@) are 
illustrated in Figure 2. In this figure the 
region bounded by and including the func- 
tions 4(@) and i(0) is the locus of ordered 
pairs (p, 0) for which the one-price policy 
is optimal. The limits of &(0) and ii(0) as 0 
tends to infinity are denoted by poo and jico, 
and their geometric mean, which by Proposi- 
tion 1 is necessarily greater than one, is 
denoted by foo.!4 

The intuitive explanation for the propo- 
sition centers around two properties of 
the model: 1) the growth rate and the in- 
terest rate affect the valuation of first- vs. 
second-period profits in opposite ways. This 
valuation is an increasing function of the 
interest rate, but a decreasing function of the 
growth rate. The two effects balance each 
other out only when 0 —1/p. 2) The firm's 
profits in any given period are greater for an 
upward displacement from the monopoly 


?The proof contains two major steps. First, it must 
be shown that G(u, 0) Z G(1/u,0) as 0 2 1/p, which 
implies, since G(j, 0) — 0 by the definition of jt, that 
G(1/g,0) $ 0 as 0 Z 1/p. Application of some of the 
properties of G outlined in Section I is then sufficient to 
establish the proposition. 

PIn aggregative growth theory, this condition de- 
scribes the Golden Rule path along which consumption 
per capita is maximized; but the Golden Rule and the 
symmetry condition in the present model arise from two 
entirely different sets of economic assumptions. 

V Figures | and 2 are complementary. While the 
former indicates the value of G as a function of p for 
fixed 9, the latter shows p as a function of @ for one 
particular level curve of G, namely that where G = 0. 
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FIGURE 2. CRITICAL VALUES OF p AS A FUNCTION OF Ó 
(LOGARITHMIC SCALE) ‘ 


price than for a proportionally equivalent 
downward displacement? The source of this 
asymmetry can be traced (as discussed more 
fully in Section IV) to the facts that the price 
elasticity of demand is nonincreasing, and 
that real marginal cost is nondecreasing. ` 

Of the two asymmetric cases, the one where 
the growth rate is less than the interest rate is 
more likely to be observed in any actual 
economy, so let us examine it in some detail. 
In this case, the valuation of first-period 
profits exceeds that of second-period profits. 
Under inflation, therefore, when the firm is 
pursuing a one-price policy, its real price is 
too high in the period weighted more heavily 
and too low in the other period. Under defla- 
tion, in contrast, its real price is too low in 
the period weighted more heavily and too 
high in the other period. Thus, if the profit 
function were symmetric, the firm would 
want, under inflation, to charge a price closer 
to the lower of the two monopoly prices. 
Under deflation, on the other hand, it would 
want to charge a price closer to the higher of 
the two monopoly prices. 

But the profit function is not symmetric, 
and this requires the firm to charge a price 


The asymmetry is most easily seen by comparing 
the two extreme displacements, p =c% and p = 0. Rais- 
ing the firm's price to oo reduces profits to 0, but 
lowering it to 0 reduces profits to — oo 


closer to the higher of the two monopoly 
prices. Under inflation the asymmetry pulls 
the optimal price toward the period weighted 
less heavily, while under deflation the pull is 
toward the period weighted more heavily. So 
the reason why the firm switches to a two- 
price policy more readily under inflation is 
that the two forces, one:due to discounted 
growth and the other to the asymmetry in 
the profit function, are countéracting. 

Naturally, if the growth rate were greater 
than the interest rate the forces denoted 
above would be counteracting under defla- 
tion and reinforcing under inflation. The firm 
would then switch to a two-price policy more 
readily under deflation. 

These results show that in the presence of 
an adjustment cost price rigidity can be 
greater in one direction than the other. In the 
case where the interest rate exceeds the 
growth rate, for instance, prices would change 
more often under inflation than deflation. 


III. Inflationary Bias 


A. Comparisen of Responses to Downward 
and Upward Price Level Changes 


While the discussion thus far has analyzed 
the conditions under which each of the firm's 
alternative pricing policies is optimal, it is 
necessary to examine now whether the firm 
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responds differently to equivalent doses of 
inflation and deflation in its price-setting 
strategy. The analysis involves comparing P, 
the geometric average of the first- and sec- 
ond-period nominal prices, for proportion- 
ally equal price level changes in either direc- 
tion.' Note that if u were sufficiently high or 
low to make the firm pursue a two-price 
policy, P would equal Py. 

If the firm's price is more responsive to a 
rise in the price level than to a proportionally 
equal fall, we shall say that its price adjust- 
ment policy exhibits inflationary bias. Thus, 
for a given p 7 1 the firm's price-adjustment 
policy is biased toward inflation if p(p), the 
geometric average of p(p) and p(1/p), ex- 
ceeds P. The firm's adjustment policy is un- 
biased if f(u) and p(1/p) differ from P in 
the same proportion, that is, if p(x) equals 
P. The following proposition establishes how 
p varies according to the level of p." 


PROPOSITION 2: If 1 «y «max[p,1/H], 
then p(p) > P. Otherwise, p(p.) = P. i. 


This proposition indicates that the firm’s 
responses to inflation and deflation are sym- 
metric if »>j and 1/p <p. The firm is 
more responsive to a rise in the price level 
than to a fall if either » or 1/ (or both) are 
located in the one-price adjustment zone. 
Note that the proposition holds irrespective 
of the size of @ in relation to 1/p. In particu- 
lar, when the growth rate and the interest 
rate are equal, so that u and ji are symmetric, 
B(p) still exceeds P, provided u or 1/y is in 
the one-price adjustment zone. 

The source of inflationary bias is the al- 
ready discussed asymmetry in the profit 
function. The firm pursues an asymmetric 
pricing policy to compensate for the asym- 
metry in profit losses from charging too high 
or too low a real price. 


B. Response to Price Level Uncertainty 


Another possible manifestation of infla- 
tionary bias is the firm's response to uncer- 


léThe appropriate comparison involves geometric 
averages because j is a proportional parameter. 

The proof involves straightforward computation of 
the four possible cases: (i) p < i and 1/p > p, Gi) p <E 
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tainty. Since the firm's profit function under 
a one-price policy is nonlinear in the loga- 
rithm of its real price, two equiprobable val- 
ues of p that are symmetric in logarithms 
around a given core value of u need not exert 
mutually offsetting gravitational pulls on p*, 
the optimal price. So I shall now explore 
whether an appropriately defined change in 
the degree of uncertainty about an arbitrary 
core rate of inflation can impart an upward 
bias to an individual firm's price adjustment 
policy. 

To begin, let us drop the assumption that 
the firm knows p with certainty, and pos- 
tulate instead that only the distribution of p 
is known. With this generalization, the first- 
order condition of (5) takes the form 

1+ p8E(u^) 

1-- p&E(u5- ) ' 

where E is the expectation operator. How a 
change in any given distribution affects p* 
depends, of course, on the nature of the 
change. Since p is a proportional parameter, 
and more importantly, since arithmetic dis- 
tributions of prices are in general heavily 
skewed to the right, it is meaningful to con- 
sider geometric-mean-preserving spreads 
(GMPS).'8 

The effect of a GMPS on p* can be mea- 
sured by its effect on the ratio on the right- 
hand side of (13), denoted by R. If R were to 
rise in response to a GMPS, then, if the 
first-order condition is to be maintained, p* 
would have to rise, too. How R is affected by 
a GMPS can be deduced from the curvature 
of R, considered as a function of logp, in the 
range of the spread. A sufficient condition 
for R to rise in response to a GMPS is that R 
be strictly convex with respect to logp 
throughout the range of the spread. Unfor- 
tunately, the second derivative of R with 
respect to logu is too complex to be evaluated 
analytically. Numerical analysis strongly 
suggests, however, that any GMPS would 


(13) pP- 





and 1/p < p, (iii) p > E and 1/p > p, and (iv) p > j and 
l/g <p. 

13A GMPS of a given distribution is obtained by 
performing an arithmetic-mean-preserving spread on the 
logarithm of the distribution. See Michael Rothschild 
and Joseph Stiglitz (1970) for a detailed theoretical 
analysis of mean-preserving spreads. 
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TABLE 1 —COMPARISON OF OPTIMAL PRICES UNDER UNCERTAINTY 
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(1) (2) (3 
Log Mean 1.25 125 2.00 
Log Variance 0.006 0.006 0.006 
6 0.8 1.0 0.8 
b=2 0.5 0.6 0.7 
b=5 24 22 2.7 
b=10 5.8 5.8 5.7 
b=20 11.8 11.7 11.6 


4) (5) (6) (7) (8) 
2.00 1.25 1.25 2.00 2.00 
0.006 0.033 0.033 0.033 0.033 
10 0.8 10 0.8 1.0 
0.7 2.9 3.1 4.0 42 
21 12.3 12.8 15.0 14.9 
53 27.5 27.3 26.3 26.3 
11.6 35.7 35.6 35.2 35.2 


Note: The entries stand for percentage differences: columns (1)-(4) are based on the same GMPS; a second spread 
was performed on the resulting distribution to obtain the distribution underlying columns (5)- (8). 


raise R and hence p*; a few examples will be 
presented later. 

There is one type of geometric-mean-pre- 
serving spread for which the argument can 
be substantiated analytically. This is a uni- 
form expansion of the /og of the distribution 
around its geometric mean p*. An expansion 
of degree a can be written as 


(14) 


logu(a) = logu* + (1+ a)(logp — logp*). 


The following proposition is concerned with 
the effect of such an expansion. 


PROPOSITION 3: A geometric-mean-pre- 
serving uniform expansion of the distribution 
of p raises the firm's optimal price under a 
one-price policy. The price rise increases with 
the degree of expansion.'? 


This proposition demonstrates that uncer- 
tainty about the price level is a source of 
inflationary bias in that it leads the firm to 
charge higher prices. The explanation is again 
that the profit function is asymmetric in the 
real price: effective cost indexation, coupled 
with the fact that the price elasticity of de- 
mand is nonincreasing, causes the firm to be 
penalized more severely for underestimating 
the second-period price level than for over- 
estimating it. 


19The crux of the proof is showing, through repeated 
use of Tchebychev's rearrangement inequality, that 
R'(a) > 0 in the neighborhood of 0. Once this relation- 
ship is established, it is sufficient to demonstrate through 
a continuity argument that R(a;) » R(aj) for a; > aj. 


Some numerical examples of the effect of 
uncertainty on the firm's optimal price are 
presented in Table 1. The entries in this table 
show, for various parameter values and dis- 
tributional assumptions, the extent to which 
uncertainty causes the optimal price under a 
one-price policy to rise above the certainty 
price. There are four values of b shown which 
correspond to widely different levels of 
market power. At one extreme, when b = 2, 
the firm's monopoly price is 100 percent 
higher than marginal cost; at the other, it is 
only about 5 percent higher.” 

"The results in Table 1 suggest that the 
more elastic the firm's demand, the greater 
the effect of uncertainty on its optimal 
price.?! The explanation for.this relationship 
is that the higher the responsiveness of de- 
mand, the more the firm stands to lose if it is 
caught with too low a price in the second 
period. Since costs are effectively indexed, a 
low nominal price can entail a loss which 
increases with the elasticity of demand. Cau- 
tion should be exercised, however, in inter- 
preting the relationship, because any firm 
can always pursue a two-price policy. High- 
elasticity firms are likely to exercise this op- 
tion more readily than low-elasticity firms, 
both because the one-price policy is more 
risky for them and because they usually have 
lower adjustment costs. As the variability of 
the price level rises, one would generally 


Recall that the real monopoly price is given by 
bc/(b —1). : 

?lThis appears to be true not only in terms of per- 
centage, but also in absolute terms. . 
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expect many high-elasticity firms to switch 
from one- to two-price policies, but low-elas- 
ticity firms to continue pursuing one-price 
policies, albeit at higher prices. 


IV. Sensitivity of Propositions to Functional 
Forms in the Model 


At this point it is useful to explain how the 
foregoing propositions depend on specific 
functional forms used in the analysis. Two 
assumptions require attention: constant price 
elasticity of demand and constant marginal 
cost. 

The assumption that the price elasticity of 
demand is constant ensures that demand ap- 
proaches infinity as price tends to zero, and 
as such is directly responsible for the asym- 
metry in the profit function between upward 
and downward displacements from the mo- 
nopoly price. If elasticity were not constant 
but decreasing in price, the asymmetry would 
be even greater. If, however, elasticity were 
increasing, as is the case for the linear de- 
mand function, the asymmetry in the profit 
function could go either way. 

The other functional form assumption, that 
real marginal cost is invariant to the scale of 
production, also plays a role in the observed 
asymmetry in the profit function. But if 
marginal cost were an increasing function of 
scale, the observed asymmetry in the profit 
function would be even greater. This is so 
because the opportunity cost from charging a 
price below the monopoly price would then 
exceed the opportunity cost from charging a 
price above the monopoly price to a greater 
extent than if marginal cost were constant. 
In contrast, if marginal cost were a decreas- 
ing function of scale, a counteracting asym- 
metry would be present. In this case, the 
asymmetry in the profit function could go 
either way. 

In sum, the three propositions herein hold 
with any nonincreasing elasticity demand 
function and any nondecreasing marginal 
cost function. They do not necessarily hold, 
however, if over some range elasticity is in- 
creasing or marginal cost decreasing. In this 
case, the firm may exhibit deflationary bias, 
and its pattern of price rigidity may be 
fundamentally different. 
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V. Summary 


This paper has demonstrated that the 
prices of monopolistic firms with nonincreas- 
ing price elasticity of demand and nonin- 
creasing marginal cost can be relatively more 
rigid downward than upward. It has also 
shown that such firms raise their prices to a 
greater extent when they expect inflation than 
they lower them when they expect equivalent 
deflation. Furthermore, it has established that 
they raise their prices in response to an in- 
crease in the degree of price level uncer- 
tainty, defined in terms of a geometric- 
mean-preserving spread. These findings are 
all attributable to the property that profit 
functions are asymmetric with respect to 
price, in the sense that the loss from charging 
a price below the monopoly price is greater 
than the loss from charging a price above it 
by a proportionally equivalent amount. 

Of the three findings, the first two would 
be very difficult to test empirically if only 
because deflations almost never occur in 
modern economies. On the other hand, the 
last finding can, in principle, be tested, if one 
is able first to determine the particular sec- 
tors of the economy for which the model 
herein represents a reasonable abstraction. 
The available macroeconomic studies based 
on highly aggregated data indicate that the 
variability and rate of inflation are positively 
correlated,” and the third finding may point 
to one possible explanation for this empirical 
relationship. In periods when the time path 
of the price level is relatively uncertain, say, 
because of ongoing institutional changes or 
political instability, the asymmetry in some 
firms’ profit functions would cause them to 
raise their prices, thereby putting upward 
pressure on the aggregate price level. 

As stated earlier, however, other firms’ 
adjustment policies might exhibit biases in 
opposite directions from those found in this 
paper. So it is impossible to say, at the 
present time, what cumulative effects the 
biases generated by asymmetries in firms’ 
profit functions would have on the course of 
the general price level. But one can reason- 


22 For some cross-country evidence, see, for example, 
Dennis Logue and Thomas Willett (1976). 
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ably expect that, since conditions for perfect 
symmetry in profit functions are very strin- 
gent, the general price level would be 
influenced by individual firms, both directly 
through the actual prices they generate and 
indirectly through the effects of price adjust- 
ments on expectations. Given the vital 
importance of these effects for macroeco- 
nomic policy, it would be useful to examine 
the biases in the price-adjustment policies of 
various other types of business firms found 
in the economy. 

In a perfectly competitive economy, where 
prices determined by impersonal market 
forces clear markets at each instant, biases of 
the kind discussed herein would not exist. 
Nor would they in an economy with a mo- 
nopolistic sector composed of firms which 
can adjust their prices at no cost; firms would 
passively respond to changes in the price 
level, exerting no influence on it themselves. 
In actual economies, however, most firms set 
their own prices, often with the intention of 
keeping them fixed for substantial lengths of 
time. Here not only do price level move- 
ments affect individual price adjustments, 
but these adjustments influence the course of 
the price level. 
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Why Interest Rates Rise When an Unexpectedly 
Large Money Stock is Announced 


By DONALD A. NICHOLS, DAVID H. SMALL, AND CHARLES E. WEBSTER, JR.* 


It is widely accepted that the announce- 
ment of an unexpectedly large growth in the 
money supply will lead to an immediate in- 
crease in interest rates. This “announcement 
effect" is often taken as confirmation of the 
monetarist view that the way to bring down 
interest rates, even in the short run, is to 
reduce the rate, of money growth. In this 
paper we provide an alternative explanation 
of the announcement effect that is consistent 
with the Keynesian view that, in the short 
run, the way to bring down interest rates is 
to expand the money supply. We do not 
address the issue of inflationary expectations 
in a formal way, though, in the long run, we 
would expect the well-known Fisher effect to 
hold. 

Looking closely at the announcement ef- 
fect, it is clear that whatever may be the true 
short-run relationship between money growth 
and interest rates, it cannot be inferred from 
a simple correlation of announcements of 
changes in the money stock with the result- 
ing changes in interest rates. This is because 
of several properties of the announcement 
phenomenon that we capture in the model 
below. First, the money supply is not changed 
by the announcement, though interest rates 
are, The announcement provides new infor- 
mation, not new money. A complete analysis 
of the announcement effect must examine 
the link between information and interest 
rates, as well as that between money and 
interest rates. Since interest rates change with 
the announcements and the money supply 
does not, the new information in the an- 
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nouncement must cause money demand to 
change. Second, as pointed out in Nichols 
(1983), the announcement provides the same, 
possibly surprising, information about the 
quantity of money demanded as it does about 
the quantity supplied. The quantities sup- 
plied and demanded are known to be equal 
at the observed market interest rate before 
the announcement. If the announcement re- 
veals a surprisingly large supply, it also re- 
veals a surprisingly large demand. Because of 
this, we have used the neutral term money 
stock in the title of the paper to refer to a 
monetary aggregate, rather than the more 
common but misleading term, money supply. 

We capture these essential characteristics 
of the announcement effect in a model that 
has the Keynesian properties of a fixed price 
level and a demand for money that is a 
decreasing function of the rate of return on 
securities. The rate of return includes a 
capital gains term that provides the link be- 
tween present and future periods. Expecta- 
tions of future variables are rational in the 
sense of John Muth (1961). That is, expecta- 
tions of future variables are formed using the 
same model used to determine the equi- 
librium. 

The important result we derive is that, 
ceteris paribus, the announcement of an un- 
expectedly large growth in the supply of 
money will cause current real interest rates 
to rise if the shock to money demand re- 
vealed by the announcement is expected to 
dissipate more slowly than the equally large 
shock to money supply that is simulta- 
neously revealed. The reasoning behind this 
result is that an expected increase in the 
future real demand for money relative to 
supply causes expected future real interest 
rates to rise, which increases the demand for 
money in the present, and thus increases 
present interest rates as wealth holders try to 
avoid the losses they will realizes from hold- 
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ing securities when interest rates rise. When 
this result holds, it would be more informa- 
tive to refer to the weekly data on the mone- 
tary aggregates as the money demand statis- 
tics rather than the money supply statistics. 

Our result provides a plausible explana- 
tion of the announcement effect. These ef- 
fects became common only in the late 1970s 
which is when the Federal Reserve began 
following a fixed money growth rule. When 
the supply of money is expected to follow a 
fixed rule, deviations from the path implied 
by the rule can be expected to be temporary. 
There is less reason to expect the deviations 
‘in money demand to be temporary, however, 
hence it is rational to expect future interest 
rates to rise when a large money shock is 
revealed. Note, however, that an increase in 
the Federal Reserve's money growth target 
would still bring down interest rates in this 
Keynesian model, since such a change would 
increase the expected supply of money by 
more then the expected demand. 

In Sections I and II, we derive the impli- 
cations of unexpected monetary announce- 
ments on the current and expected future 
interest rates using a Keynesian model. In 
Section III, we contrast our results with those 
of a simple monetarist model. 


I. The Effect of an Announcement on the 
Current Real Interest Rate 


The problem is modeled in discrete time. 
The demand for money is assumed to be a 
decreasing function of the expected return 
on competing assets, which we will call bonds. 
The expected rate of return on bonds equals 
its one-period interest rate plus the expected 
capital gain which will exist if the next 
period's interest rate is expected to differ 
from this period's rate. For convenience, the 
interest rates in the capital gains term are 
expressed in linear form. The money demand 
function is 


(1) M? = ar, + B(r, - Er) d, 


where M? =the quantity of money de- 
manded at time ¢; r,= the market interest 
rate available at time ¢ on bonds held from 
time £ to t - 1; Ern, ,— E[r,, |J; ]: the math- 
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ematical expectation of r,,, conditional on 
information available at time t; d, = shock to 
money demand; and a « 0, B « 0. The infor- 
mation set is assumed to include the values 
of all variables from earlier periods as well as 
r,. The inclusion of r, captures the continuous 
Observation of the interest rate by financial 
market participants. 

We assume that the money demand shock 
follows a first-order autoregressive process 
that is known by all market participants: 


(2) d, — vd, ., +u, 


where 0 « y <1 and u,=a white noise ran- 
dom variable with zero mean and finite vari- 
ance. 

The deterministic component of the supply 
of money (M) can be assumed to be de- 
termined by the Federal Reserve's target. 
The supply of money also has a random 
component that follows a first-order autore- 
gressive process like that of the demand for 
money. The parameter 6 is the speed with 
which the Federal Reserve is known to offset 
any accumulated shocks from the past. 


(3) M;-M,*s; 
(4) S, = 685, , t, 


where 0 <ô «1 and v, is a white noise ran- 
dom variable with zero mean and finite vari- 
ance. 

The condition for equilibrium in the mon- 
ey market is 


(5) M, * s,= ar, * B(r,— Ej. 1)* d,. 


To solve this relation for r, we must first 
develop an expression for £,r,, ,. Note that if 
P =.0, then r, depends only on current vari- 
ables and not on expectations of future vari- 
ables as is the case when there is no an- 
nouncement effect. 

Define the operator B such that 
(6) B ~JE,X, = EX, 

Then rearrange (5), define À = (a+ 8)/p, 
take expected values of both sides condi- 
tional on an information set that includes M, 
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(but not d, or s,) to obtain 
(7) (1 m AB) Ena = (M, + Es, — E,d,)/B. 


In the Appendix, the general solution for 
E,r,, , is presented. For notational simplicity, 
equation (8) is the solution after we have 
imposed E,0,4;= E,u,,;=9 for positive i 
and M,,,= M for all i. 


11 8E,s, 


yE,d M 
(8 EnaT8lx-8 Ayt 


A-y A-1lJ[ 
Note that the higher the deterministic com- 
ponent of the future money supply M, the 
lower the future interest rates are expected to 
be. Also, the current shocks have no effect 
on expected future interest rates unless the 
shocks persist, that is, unless ô = 0 or y + 0. 
The expression for the current interest rate 
can be obtained by substituting (8) into (5): 


(9) " 
1 [AM 


LUI [AM YE,d, 
a XLI +S, 


A-y 


OE,s, 


TAGS " 


—d-— 


Note that this expression contains the ac- 
tual shocks to the money supply and demand 
functions as well as the expected values of 
those shocks. Before the money demand sta- 
tistics are announced, their expected levels 
have an influence on the market interest rate. 
So do the actual (though unknown) levels. 
Thus both sets of variables must appear in 
the solution. Note also that the effect of the 
known money supply (M) on the interest 
rate is negative since £ < 0. 

Before deriving the effect on the current 
interest rate of the announcement of unex- 
pected money growth, we note that any un- 
derestimation of the money supply shock s is 
equal in magnitude to the underestimation of 
the money demand shock d. While this may 
be intuitively clear, it can be derived from 
equation (9) as well. Taking expectations of 
both sides of (9) and subtracting this result 
from (9) yields (10). Note in taking expec- 
tations of both sides of (9) E, [r,] = r, since r, 
is an element of J,. 


(10) 5, — E,s, — d, — E,d, 


v, — E,v, =u, — Eu, 
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Upon announcement, the change in the ex- 
pectation of the money supply, s, — £,s,= 
dE,s, must equal the change in the expec- 
tation of money demand, d, — E,d, = dE,d,. 
Thus the effect of the revelation that the 
expectations were wrong on the interest rate 
is given in (11). (It should be noted that we 
are ignoring the reporting lag of the Federal 
Reserve. On Friday, the Fed reports the 
money supply for the week ending on the 
previous Wednesday. This delay does not 
affect our qualitative results.) 


dr, 1 6 Y 

(11) dE,s, bes, i. 

Since A>1, y «1, 6 «1, B «0, the sign of 
this expression is the same as the sign of 
y — ô. In words, if the shock to money de- 
mand is expected to persist longer than the 
shock to money supply, interest rates will 
rise when an unexpectedly large increase in 
the money stock is announced. This is the 
Keynesian explanation of the announcement 
effect. 

Because the Federal Reserve now follows a 
policy of controlling the money stock, inves- 
tors might expect that the shock to money 
supply would be more transitory than that to 
money demand. Figure 1 shows the extreme 
case of this where ô is close to zero and y is 
close to one. In this case, investors view the 
supply shock as completely transitory and 
the demand shock as almost permanent. Be- 
fore the announcement, investors observe the 
market-clearing interest rate of ry. They ex- 
pect a figure of M to be announced as the 
prevailing money supply. In fact, M; is then 
announced, revealing an error of v, in their 
prior expectations. Both demand and supply 
are revealed to be larger by v, than antic- 
ipated. 

If the shock to demand is viewed as mostly 
permanent, next period's money demand is 
now expected to be close to. M7 as drawn 
(except for the effect of the capital gains 
term). If the shock to supply is viewed as 
mostly transitory, next period's supply is 
expected to be close to M yielding an interest 
rate of r, next period. Because r, is larger 
than 7, losses will be sustained by anyone 
holding interest bearing securities from now 
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to next period. The attempt to avoid these 
losses causes demand to increase (unshown) 
and the current rate to rise. If the time 
periods are short, 7, can rise to a level close 
to r, upon the announcement. 


II. The Effect on Expected Future Interest Rates 


If the shocks are thought to be temporary 
(y «1; 6 «1), the announcement effect on 
expected future real interest rates is weaker, 
the farther in the future we look. This result 
depends, of course, on the specification of 
the supply and demand shocks. 

As shown in the Appendix, the effect of 
the announcement on £7, ; is 


(12) 
dE,,,, 
dE,v, 








te y | 
dEo,-dEu PLATS Any] 


Thus the signs of these terms for all future 
interest rates depend, as before, on the rela- 
tive size of 6 and y. If y >ô, the expected 
future real interest rates all rise if the an- 
nounced money stock is larger than ex- 
pected, since f < 0. This holds regardless of 
any expected capital gains or losses because, 
with y >ô, a larger than expected money 
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stock announcement is a signal that there 
will be excess demand for money in the 
future unless future interest rates change from 
their ex ante expected values. Note also that 
as j rises, the expression gets smaller. Dif- 
ferentiating (12) with respect to j yields 


(13) D o8) 5 (op) 0 
B ez, Ray 
if y >ô. 


Thus the effect on future interest rates is 
smaller, the further into the future we look. 

One cautionary note for the interpretation 
of these results is that the prediction of the 
effect of an announcement on the current 
rate r, is smaller than its effect on r,, ,. The 
result that the effect on r,,; be greater than 
On 7;,.;..; holds for all j > 1, but not for j = 0. 
This imposes an awkward qualification to 
the general result that the effect should be 
weaker on interest rates of longer maturities. 
Our discrete model provides no natural inter- 
pretation of the length of a time period. If 
we thought of a continuous time model as 
the limiting case of our model when the 
length of a time unit approached zero, then 
the model would predict an instantaneous 
jump of all rates-—including the overnight 
rate—if a surprisingly large rate of money 
growth was announced. For time units of 
longer length, the overnight raté might rise 
less than the weekly rate. 

The economics of the model tells us that 
the rates rise because the Federal Reserve is 
expected to offset the effects of the money 
shock faster than the.money demand shock 
is expected to dissipate. If the pattern . of 
evaporation of the supply and demand shocks 
differs from the exponential decay pattern 
we have used, the analysis might predict a 
larger effect on rates with a maturity other 
than the shortest, and any empirical test 
would have to permit a rather general speci- 
fication of the stochastic nature of the shocks. 
If, for example, the quickest Federal Reserve 
reaction is expected in two days, it is the 
two-day interest rate that should be affected 
most by the announcement. 
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We have not developed a conclusive for- 
mal test to determine whether our explana- 
tion of the announcement effect is of greater 
empirical importance than the monetarist ex- 
planation. But in this section we point out 
some characteristics that are of use in con- 
structing such a test. — 

First, we note that our explanation of the 
announcement effect is that an increase in 
the money stock when the authorities are 
following a strict money growth rule is a 
signal that the expected future demand for 
money has increased, but the supply has not. 
If these conditions are assumed to hold in a 
monetarist model with flexible prices, the 
announcement would provide a signal that 
future prices would fall, not.rise, since an 
increase in the demand for money is a con- 
tractionary, not an expansionary, force. In 
this case, the inflationary premium in future 
interest rates should fall, not rise. Thus the 
prediction of our model is opposite to that of 
the monetarist model under the plausible 
conditions that were stated. This effect would 
be more readily apparent if the weekly mon- 
ey stock figures were referred to as the mon- 
ey demand statistics, rather than the money 
supply statistics. 

One qualification to this result is that our 
model is based on the assumption that the 
price level is known when the money stock is 
announced. If, in a monetarist model, this 
assumption is dropped, things get more com- 
plicated. It is for this reason we do not claim 
that our proposed test is conclusive. 

Monetarists have argued that an unex- 
pectedly large money stock announcement is 
a signal that it is the future money supply, 
not demand, that will be increased. This 
possibility is admitted. We note, however, 
that it should be of lesser importance when 
the Federal Reserve is trying to follow a 
fixed growth rule than when it is not. Robert 
Lucas (1976) suggests that the way to test 
macroeconomic hypotheses is to examine 
them in two different policy regimes. If re- 
cent history could be divided into two peri- 
ods (possibly divided in October 1979), in 
one of which a money growth rule was 
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pursued more avidly than in the other, then 
the predictions of the two competing hy- 
potheses would be in direct opposition. The 
monetarist hypothesis would predict a smaller 
announcement effect when a money growth 
rule is followed and the Keynesian hypothe- 
sis would predict a larger effect. 

While casual empiricism would appear to 
support the Keynesian hypothesis on this, we 
caution that we have not conducted or even 
specified a formal test. Our objectives have 
been more limited, namely, to provide a pos- 
sible counterexample to the claim that the 
existence of the announcement effect con- 
firms the monetarist position that an in- 
crease in money growth rates must raise 
short-term interest rates. 


IV. Conclusion 


A common interpretation. of the an- 
nouncement effect—the fact that interest 
rates rise when unexpectedly large money 
stocks are announced—is the monetarist one 
that an increase in the money growth rate 
raises the expectations of inflation that are 
part of nominal interest rates. A competing 
explanation offered here is consistent with 
the Keynesian claim that interest rates fall 
when the money supply is expanded. The 
competing explanation holds in periods when 
the central bank is following and is expected 
to follow a fixed money growth rule. In this 
case, the money stock announcements con- 
vey information about unexpected strength 
in current and future money demand. This 
wil increase expected future interest rates 
and their increase will pull up the current 
interest rate as investors try to avoid capital 
losses. 

Thus the existence of an announcement 
effect should not be interpreted as it is has 
been by Jacob Grossman (1981) that it is 
conclusive evidence that ** The long lag in the 
adjustment of [interest] rates to money ex- 
pansion as suggested in Friedman and 
Schwartz [1963] and Cagan [1972] has been 
considerably shortened" (p. 421, fn. 33). The 
announcement effect concerns the effect of 
changes in information on interest rates, not 
of changes in the existing money stock. If the 
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announcement effect is more pronounced to- 
day than in years past, it is probably because 
the Federal Reserve is now expected to fol- 
low more closely a constant growth rate rule. 
A surprisingly large money stock announce- 
ment is then interpreted as a sign that money 
is about to be tightened. 


APPENDIX 


Detailed derivations of the following re- 
sults are available from the authors upon 
request. We have used the method of linear 
operators as presented by Thomas Sargent 
(1979, chs. 9 and 14). Alternatively one can 
employ the method of successive substitu- 
tion. 

The general form of equation (8) is 


1 e(1y 
(A) Eng X (x) Mis 
i=0 


1 erp 
+ (A—8)À X(i) Ey 143 
sco 
an (A-y)A 


oo 1 i 
x 2 (5| E,u, puit YE, 
i=0 


This can be derived by dividing (7) by 1— AB 
and taking thé “forward” expansion since 
À > 1. In the derivations one uses the equali- 


ties 
Es, 1 E,( v, 








(A2) I-AB ^ i-ABP 1-8L 


1 [AES Q( 9 J 
Ze Ei urn , 


where L is the lag operator. In doing “ back- 
ward" expansions with ô <1, the operator B 
can be substituted for the operator L since 
past values of s, are known. 
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Equation (12) of the text can be derived 
from (A1) by first substituting 


oo 





T v, m i, 
^7 1-8L ^ È Soi 
ENS ee ee 
and d,= 3 dy Ui 


into (Al), multiplying both sides by B ^/*! 
and differentiating with respect to E,v, and 
E,u, while imposing dE,u, = dE,v,. 
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Labor Market Contacts, Unanticipated Wages, 
and Employment Growth 


By RONALD S. WARREN, JR.* 


There are two alternative, but not mutu- 
all exclusive, explanations for observed 
fluctuations in aggregate employment. The 
Keynesian, disequilibrium theory emphasizes 
the importance of quantity constraints, job 
rationing, and the resulting queues of in- 
voluntarily unemployed suppliers of labor 
that arise from exogenous decreases in in- 
vestment, aggregate demand, output, and the 
demand for labor. The new classical, equi- 
librium or search theory focuses on the opti- 
mizing responses of suppliers of labor to 
deviations of actual from anticipated wage 
Offers that are generated from innovations in 
nominal aggregate demand.! The choice be- 
tween (or relative importance of) these two 
explanations is of considerable importance 
not only for the proper interpretation of 
cyclical phenomena in the labor market, but 
also for the design of macroeconomic policy. 
For example, proponents of the disequi- 
librium viewpoint stress the importance of 
activist, job creation intervention by the 


"Assistant professor of economics, University of 
Virginia. I thank Daniel Hamermesh, William Johnson, 
John Seater, Robert Solow, and two anonymous referees 
for helpful comments on an earlier version of this paper. 
John Carlson kindly provided data on one of the wage 
control variables. Of course, responsibility for remaining 
errors is mine. 

'There are actually three distinct representations of 

the search theory. The intertemporal substitution hy- 
pothesis advanced by Robert Lucas and Leonard Rap- 
ping (1970) states that current labor supply is a function 
of the difference between current and discounted, ex- 
pected future wages. Alternatively, the wage mispercep- 
tion theory contends that current labor market behavior 
depends upon the difference between actual and ex- 
pected current wages. Within this genre, Milton Fried- 
man (1968) and Lucas (1973) emphasize the mispercep- 
tion of real wages while Dale Mortensen (1970) stresses 
the deviation of actual from anticipated nominal wages. 
This paper addresses the real wage misperception theory 
.rather than the intertemporal substitution hypothesis. 
John Seater (1982) has recently provided preliminary 
tests of all three versions of the neoclassical approach 
within one estimating equation. 
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government when aggregate demand falls 
short of full-employment output. On the 
other hand, adherents to the search-theoretic 
perspective typically advocate predictable 
monetary growth and automatic fiscal stabi- 
lizers which are intended to minimize the 
(temporary) misinformation provided by un- 
anticipated changes in nominal wages and 
prices.” 

In the past, there have been few tests of 
these two hypotheses and the empirical re- 
sults have been mixed. Moreover, previous 
investigations have attempted primarily to 
explain features of the labor market—like 
the quit rate or the duration of unemploy- 
ment—which are only of intermediate con- 
cern to the central task of accounting for the 
time paths of employment and unemploy- 
ment. For example, Donald Parsons (1973) 
presented evidence from twenty-seven manu- 
facturing industries that the quit rate was 
significantly related to the vacancy rate 
(probability.of receiving a job offer), but not 
affected by misperceptions about equilibri- 
um wages. Similarly, John Barron (1975), 
using aggregate data from U.S. manufactur- 
ing, found that the average duration of un- 
employment was inversely related to the 
number of vacancies and inferred from these 
results that unanticipated changes in the wage 
offer distribution were unimportant.? More 
recently, Anders Bjérklund and Bertil Holm- 
lund (1981) provided some support for the 
proposition that both job opportunities and 
wage misperceptions significantly affected 
the duration of unemployment in U.S. 


?That is, the new classical approach examines how 
stabilization policy rules might be designed to avoid 
cycle-generating misperceptions, while the Keynesian 
framework focuses on how discretionary policy should 
respond to existing misperceptions. 

3 However, Anthony Santomero and Seater (1978, pp. 
521-22) have criticized the test procedures used by 
Parsons and Barron. 
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manufacturing, when expected wages were 
modelled as an autoregressive-moving aver- 
age (ARMA) process. 

The purpose of this paper is to exàmine 
the validity of these two perspectives in the 
context of a modified version of a simple 
model of employment dynamics. Aside from 
parsimony, the virtues of this model for the 
issue at hand include its familiarity (to stu- 
dents of aggregate models of the labor 
market) and the facility with which its 
parameters can be related to concepts like 
the labor turnover rate, efficiency of job 
search, and the equilibrium or “natural” un- 
employment rate. Section I sets out the theo- 
retical model in which employment growth is 
determined by the turnover rate, job search 
efficiency, and the volume of contacts be- 
tween searching firms and workers. Devia- 
tions of actual from expected wages affect 
employment indirectly by influencing the quit 
rate and the proportion of contacts which 
result in accessions. Section II discusses data 
sources and estimation technique, and pre- 
sents the empirical results. 


I. The Model 


The basic theoretical framework for this 
study is provided by the well-known model 
of labor market dynamics developed by 
Richard Lipsey (1960), Charles Holt and 
Martin David (1966), Edmund Phelps (1970), 
Dale Mortensen (1970), and others. There 
are four endogenous variables—the level of 
unemployment (U), the level of unfilled 
vacancies (V), the level of employment ( E), 
and the change in employment (A E)— which 
are determined by three identities and one 
difference equation. There are two exoge- 
nous variables—the total number of jobs (J) 
and the labor force ( L). The three identities 
in the model are 


(1) V=J-E, 
(2) U=L-E, 
(3) E=AE+E_,, 


where E. , is the level of employment in the 
previous period. 
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Bach period, new entrants and reentrants 
to the labor force and formerly employed 
workers who quit or were laid off conduct a 
random search of firms which are seeking to 
fill job vacancies. This search process takes 
place under conditions of imperfect informa- 
tion about the location of vacancies and the 
true probability distribution which generates 
observed values of wage offers for labor of a 
given type. The setting in which an employer 
with a vacancy and a qualified worker are 
matched in this model is essentially an acci- 
dental meeting.^ Thus, it is distinct from the 
neoclassical set up in which an omniscient 
auctioneer assists searching firms and per- 
sons in defining the terms of a labor contract 
of positive but finite duration. Because each 
participant in this matching process is imper- 
fectly informed about the (equilibrium) char- 
acteristics of his optimal match, all vacancies 
are not instantaneously filled and all avail- 
able workers are not immediately employed. 
Firms and workers weigh the cost of finding 
another match against the discounted ex- 
pected value of negotiating a contract in the 
future on more favorable terms. 

The steady-state stocks of unfilled vacan- 
cies and unemployed workers are those that 
are consistent with an equality between the 
flows of accessions to and separations from 
employment. Accessions (new hires and re- 
hires) depend upon the number of contacts 
per period between firms and potential 
workers and the rate (denoted f) at which 
these contacts result in new labor contracts. 
It is assumed that the number of contacts 
made each period is (UV )'/? so that acces- 
sions equal A&(UV )'^. Separations are com- 
posed of quits and layoffs, which are in- 
versely related over the business cycle. If the 
sum of quits and layoffs is assumed to be 
proportional to the level of employment, then 
the number of separations is given by yE, 
where y is the turnover rate.? 

The net change in employment (AE) is 
simply the difference between accessions to 


*This characterization was put forward by Mortensen 
(1976). 

5The assumptions concerning accessions and separa- 
tions were made by Lipsey (p. 15) and C. Duncan 
MacRae and Stuart Schweitzer (1970, p. 89). 
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and separations from employment: 


(4) AE —- B(UV) ^1 — YE... 
or 
(5) ^E/E.,- B(U/E-V/E) 1 — 


The steady-state or equilibrium unemploy- 
ment rate u* = (U/L)* can be solved for by 
setting AE/E .,—0: 


(6) u*  (y/B) E?/VL. 


Thus, holding employment, job vacancies, 
and the labor force constant, the equilibrium 
unemployment rate is positively related to 
the turnover rate and negatively related to 
the efficiency of job search. 

As presently formulated, there are (at least) 
two related shortcomings of this model. First, 
employment growth and equilibrium unem- 
ployment are determined by the exogenous 
flows of quantities of jobs and labor force 
participants, the turnover rate, and search 
efficiency. In particular, relative or unan- 
ticipated wages play no role in the observed 
operating characteristics of the labor market, 
contrary to neoclassical theory. Second, the 
turnover rate (y) and search efficiency (f) 
are specified as parameters when it is more 
reasonable to view them as functions of wages 
and government policies. For example, there 
is a corpus of theory and considerable micro- 
economic evidence which suggest that quits 
and layoffs are determined in part by the 
difference between actual and potential (hu- 
man capital) wages. Moreover, layoffs— 
especially among youth and other unskilled 
workers— may be affected by changes in the 
minimum wage or other policy instruments. 
Similarly, search efficiency— the proportion 
of contacts per period that results in employ- 
ment—may also be influenced by actual rel- 
ative to expected wages, as well as govern- 
ment policies (like unemployment insurance) 
which reduce the cost of being unemployed. 

Taken together, these two criticisms sug- 
gest a way in which both quantity con- 
straints and wage misperceptions can simul- 


For a review of this literature, see Parsons (1977). 
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taneously affect employment growth and 
unemployment in the present model. If it can 
be assumed that unanticipated wages affect 
turnover and search efficiency in a linear 
fashion, we can write, respectively: 


(7) y7YotYx(w-w')., 
(8) B=B,+B,(w-w*) 1, 


where w is the observed real wage, w* is the 
expected real wage, and Yo, Yi, £o, and B, are 
parameters. 

The argument that unexpectedly high 
wages reduce the quit rate and, hence, labor 
turnover implies y, < 0. Similarly, if current 
wages or wage offers are higher than antic- 
ipated, this will, according to search theory, 
increase the proportion of worker-firm con- 
tacts which results in acceptances of offers so 
that B, > 0.’ These qualitative effects on labor 
turnover and search efficiency imply that 
real wages which are higher than expected 
result in a (temporary) decrease in observed 
unemployment. If, in the long run, wage 
expectations are rational in the sense that 
w — w*, then equilibrium unemployment is 
given by (6) and cannot be reduced sys- 
tematically by aggregate demand policies that 
affect the distribution of nominal wages. 

Substituting (7) and (8) into (5), we have 


[By + Bi(w — w*).i] A4 


(10 AE/E_,=%+7,X_, 


(9) AE/E_,= 


+tm(w- w°) tm(w-= wt) Xi 


where X ., = (UV/E?) 71, % = — Yo ™ = Bo; 
T, = — Yp and m, = £. The qualitative impli- 


"Since (5) should be interpreted as a reduced form, 
the prediction that £; > 0 depends on the maintained 
hypothesis that labor supply is more responsive to real 
wage misperceptions than is labor demand, as Robert 
Barro (1980, p. 1404) has noted in a slightly different 
context. Ín particular, when the real wage is unex- 
pectedly high, the quantity demanded of labor should be 
low, resulting in fewer offers of employment as a pro- 
portion of labor market contacts. 
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cations of the wage misperceptions hypothe- 
sis for the coefficients in (10) are that 7, and 
7, 7 0. In addition, since y, and f are ex- 
pected to be positive, we expect «y « 0 and 
7,7 0. Therefore, estimates of the coeffi- 
cients in (10) and their associated standard 
errors canbe used to test the validity of the 
quantity constraint and wage misperceptions 
theories of employment dynamics. 


II. Empirical Results 


To estimate equation (10), data on em- 
ployment, unemployment, .job vacancies, 
wages, and expected wages were required. 
Although economywide, monthly data on 
employment, unemployment, and wages 
were, of course, readily available over a long 
time span, information on job vacancies was 
not. However, from April 1969 to December 
1973, the U.S. Department of Labor, Bureau 
of Labor Statistics (BLS) published monthly 
estimates of job vacancies in manufacturing 
industries. Moreover, these data have been 
used previously by Barron and Bjórklund- 
Holmlund to assess the relative impact of job 
opportunities and wage misperceptions on 
the duration of unemployment and by Wil- 
liam Goodwin and John Carlson (1981) to 
evaluate the effects of wage-price controls. 
Thus, although data limitations restrict con- 
siderably the time period and sector to which 
the present investigation can be applied and 
the extent to which seasonal and cyclical 
effects can be controlled, they facilitate com- 
parisons with previous research on closely 
related issues. Data on employment and un- 
employment were also obtained from BLS 
sources. The wage variable used was average 
hourly earnings in manufacturing, adjusted 
for overtime hours, divided by the Consumer 
Price Index. All of these variables are not 
seasonally adjusted and are described more 
fully in Table 1. 

In order to test the hypothesis that un- 
anticipated wages affect employment adjust- 
ments, a proxy variable for expected wages 
had to be constructed. To accomplish this 
task, wage predictions were generated from a 
seasonal ARMA process which was identi- 
fied and estimated initially from 1960:1 to 
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TABLE 1 —MEANS AND DEFINITIONS OF VARIABLES 
AND SOURCES OF DATA 


Variable Mean Definition and Source 


E 194140 Employment on manufacturing 
payrolls (in thousands); BLS, 
unpublished tabulations. 


U 1099.6 Number of persons un- 
employed whose last job was 
in manufacturing (in thou- 
sands); BLS, Employment 


and Earnings, various issues. 


V 150.4 Number of unfilled job vacan- 
cies in manufacturing (in 
thousands); BLS, Employ- 
ment and Earnings, Vol. 20, 
Table E-1, p. 123. 


Hourly earnings excluding 
overtime in manufacturing 
divided by the Consumer 
Price Index for all-urban 
workers; BLS, as compiled 
by Data Resources, Inc., 
USCEN data bank. 


2.86 Forecast of hourly earnings ex- 
cluding overtime in manu- 
facturing, based on a first- 
order, autoregressive, sea- ` 
sonal moving average model 
applied to the seasonal first 
differences of w. 


w 2.86 


= 


1969:3, using monthly data on real average 
hourly earnings in manufacturing adjusted 
for overtime. Specifically, an ARMA (1,1) 
model with a seasonal MA(1) term was ap- 
plied to the seasonal first differences of the 
wage variable.” A prediction from this esti- 
mated model was generated initially for 
1969:4. To obtain successive predictions, the 
model was updated at monthly intervals 


That is, the forecasting model was y — ġy_;=e— 
biei — zs where y =(1— B'?)(1— B)w, B is the 
backshift operator, and e, is a white noise error process. 
It should be mentioned that a series on unanticipated 
nominal wages was also generated, using the time-series 
process and updating technique employed by Bjorklund 
and Holmlund (p. 124). The use of these data (which 
amounts to a test of the Mortensen 1970 variant of the 
misperceptions hypothesis) rather than unanticipated 
real wages did not affect the qualitative results reported 
below. 
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TABLE 2— EMPIRICAL RESULTS? 


Coefficients I II IH 


m-O0=—y,  -00589 —00593  —0.0731° 
(2.8131) (2.0316 (3.5154 
T, = Bo 2.9744 2.8009 3.3879 
(2.8414) (1.9364) (3.3439) 
m=- Y — 0.6635 — 1.2073 — 1.1203 
(0.5729) (1.0983) (0.9996) 
m = By 35.9220 64.5110 60.2000 
(0.6214) (1.1742) (1.0739) 
T4 — Y —0.0122 
(0.3130) 
75 = f 1.0080 
(0.5170) 
767 7 Y3 0.0002* 
(2.4648) 
R? 0.14 0.27 0.23 
F 2.72? 3.73? 3.76^ 
D.W. 2.28 2.58 2.49 


* Absolute values of estimated t-statistics are shown in 
parentheses. 

Significantly different from zero at the 0.05 percent 
level, one-tailed test. 

*Significantly different from zero at the 0.05 percent 
level, two-tailed test. 


through 1973:11. Thus, for example, the pre- 
diction for the final period (1973:12) was 
based upon the ARMA (1,1) model esti- 
mated with data over the period 1960:1 
through 1973:11. 

Ordinary least squares (OLS) estimates of 
the model specified in equation (10) are re- 
ported in column I of Table 2. The goodness- 
of-fit of the model, as measured by the R? 
statistic, is acceptable in view of the per- 
centage form of the dependent variable and 
the use of monthly observations. In addition, 
the overall F-statistic is significantly differ- 
ent from zero. Moreover, the D.W. statistic 
does not indicate the presence of serially 
correlated residuals. 

The estimated intercept (vy — — Yọ) is 
negative as expected, and significantly differ- 
ent from zero. That is, other things equal, an 
increase in the labor turnover rate would 
reduce employment growth and (by equation 
(6)) increase the equilibrium unemployment 
rate. The estimated coefficient (7, — B5) on 
X ., 8 (UV/E?) 7? is positive, as the theory 
predicts, and also significantly different from 
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- zero. Thus, an increase in the volume of 


contacts by participants significantly in- 
creases employment growth and by implica- 
tion decreases the equilibrium unemploy- 
ment rate. The estimated coefficient (v, = 
— yj) on the unanticipated wage variable 
(w — w*) (which shifts the turnover parame- 
ter) has an incorrect (negative) sign, but is 
not significantly different from zero. More- 
over, the coefficient (7, = B,) which affects 
the search efficiency parameter is correctly 
signed, but also insignificant. Thus, in con- 
tradiction to the predictions of the wage 
misperception hypothesis, this evidence sug- 
gests that deviations of actual from antic- 
ipated wages significantly affect neither the 
turnover rate nor the efficiency of job search. 
Hence, the time paths of employment growth 
and observed unemployment appear to be 
invariant with respect to mistakes in predict- 
ing real wages. 

These estimates can be used to calculate 
the equilibrium or natural rate of unemploy- 
ment in manufacturing over the sample 
period. In the context of the present model, 
equilibrium requires that AE/E_,=0 and 
w — w* so that there are no wage mispercep- 
tions. From (10), therefore, average equi- 
librium unemployment z* = (U/L)* is given 
by 


(11) 


where bars over the variables denote sample 
means, and “hats” over parameters denote 
sample estimates. For the sample at hand, 
i* = 0.0479 so that the equilibrium unem- 
ployment rate in the manufacturing sector 
for the 1969:4-1973:12 period was ap- 
proximately 4.8 percent. This estimate of the 
natural rate should be compared with the 
average measured rate in manufacturing of 
5.7 percent over this sample period, which 
encompasses one complete business cycle. 
Thus, average “demand-deficient” unem- 
ployment in manufacturing was approxi- 
mately 1 percent between 1969 and 1973. In 
addition, this estimate can be compared with 
Phillip Cagan's (1977) estimate of a 5.0 per- 
cent “full-employment” unemployment rate 
for the overall economy in 1973 and Robert 


m= (/B)EVL 


394 THE AMERICAN ECONOMIC REVIEW 


Barro's (1977) estimate of an economywide 
natural rate of 5.8 percent for the 1969—73 
period.? 

One potentially important characteristic of 
approximately half of the sample period un- 
der investigation was the existence of wage- 
price controls. The presence of controls might 
be expected to narrow the difference be- 
tween actual and expected wages, thus bi- 
asing the previously reported test against 
the misperceptions hypothesis." Moreover, 
Goodwin and Carlson have suggested that 


controls could increase the duration of job - 


search and induce greater labor turnover by 
(incorrectly) increasing job seekers’ percep- 
tions of the number of vacancies. To test 
first the proposition that the controls re- 
duced wage misperceptions, w — w* was re- 
gressed against a dummy variable ( D) equal 
to one during the period covered by controls 
(1971:8 to 1973:12) and equal to zero other- 
wise. Although the estimated coefficient 
on the dummy variable was negative, it was 
not significantly different from zero (t= 
0.6189).!! To test the Goodwin-Carlson hy- 
pothesis, it was assumed that controls would 
affect turnover (y) and search efficiency (£) 
in the following manner: 


(12 y=yty,(w-w?)_1+ D; 
(13) B=By+B,(w—w*)_,+ B; D. 
Substituting (12) and (13) into (5), we have 


(14) AE/E_,= [Bo Bi(w— w°) 
+ B,D] X_,—-[y + v(w—w*)-i* XD], 


?In making these comparisons, it should be noted 
that the estimate of the equilibrium unemployment rate 
in manufacturing refers to the experienced labor force 
and therefore excludes new entrants. During the sample 
period, .new entrant unemployment was approximately 
0.7 percent of the economy-wide civilian labor force (see 
BLS, 1980, Table 39). Thus, an estimate which is con- 
ceptually comparable to those presented by Cagan and 
Barro would be approximately 5.5 percent rather than 
4.8 percent. : 

10] am indebted to an anonymous referee for suggest- 
ing this possibility. 

V This result should not be surprising since the pres- 
ence of a first-order autoregressive term in the'expecta- 
tions generating equation forces the predictions to ad- 
just rapidly to the behavior of observed wages. 
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(15) AE/E ,- m mX., 
+ m(w—w*)_,+73(w—w*)_ X_, 


t7D-ctq;DX 


where v, — —y, and 2,= f,. Since the 
Goodwin-Carlson hypotheses imply that y, 
7 0 and f, <0, respectively, the qualitative 
expectations for the associated coefficients in 
(15) are 7, < 0 and m; < 0. 

Column II, Table 2, reports the results of 
estimating (15). Once again, the theoretical 
parameters mo = — yo and v,— fl have the 
expected signs and are significantly different 
from zero. However, neither 7, nor 7, are 
significantly different from zero, so that job 
turnover and search efficiency were not sig- 
nificantly different during the period of 
wage-price controls. These results were not 
affected in any important way by the sub- 
stitution of an alternative variable used by 
Goodwin and Carlson to represent the con- 
trols period. Moreover, this evidence is 
consistent with the results reported by Daniel 
Mitchell and Ross Azevedo (1976) that 
wage-price controls did not produce signifi- 
cant labor market distortions. 

The evidence presented thus far is con- 
sistent with the proposition that neither wage 
misperceptions nor the existence of wage- 
price controls affected labor turnover or job 
search efficiency. Nevertheless, drift in the 
turnover or search parameters could have 
occurred and generated steady-state in- 
creases or decreases in the equilibrium unem- 
ployment rate. To accommodate this possi- 
bility, (12) was modified as follows: 


(16) y= -twn(w-w). tw», 


where T is a time trend variable and y, 2 0. 


7 Specifically, this alternative variable measures the 
percentage of all workers receiving new wage contracts 
during the preceding twelve months which stipulated 
increases very near or above the 5.5 percent standard 
while controls were in effect and thus were presumably 
constrained by controls. Therefore, this variable cap- 
tures the pervasiveness of wage controls but not the 
extent to which wages were held down. 
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Substitution of (16) into (10) yields 
(17 AE/E ,—", t v, X jb 
+m(w—- w) m (w-w*) X. T, 


where = — y, Column III, Table 2, re- 
ports the outcome of estimating (17).? As 
before, the estimated coefficients associated 
with the basic theoretical parameters have 
the anticipated signs and are significantly 
different from zero. Once again, the coeffi- 
cients on the wage misperception variables 
are not significantly different from zero. 
However, the estimate of the trend term 
coefficient (7, = — y3) is positive and signifi- 
cantly different from zero, implying a steady 
decline in the turnover rate and, correspond- 
ingly, a decrease in the equilibrium unem- 
ployment rate throughout the sample period. 
Although it is hazardous to speculate about 
all of the forces which are being captured by 
this result, one possibility is the monotonic 
decline in the relative minimum wage rate 
($1.60/ W^), where $1.60 is the fixed nominal 
minimum wage during this period, and W is 
nominal average hourly earnings (excluding 
overtime) in manufacturing. Credible evi- 
dence on this hypothesis would, however, 
require consideration of a larger. sample 
period in which the relative minimum wage 
exhibited greater variability. 


IIl. Concluding Remarks 


I have presented evidence concerning the 
ability of Keynesian and equilibrium theories 
to explain cyclical fluctuations in employ- 
ment. In the context of a simple but well- 
known model of labor market dynamics, the 
Keynesian framework was interpreted as as- 
signing to exogenous variations in the volume 
of labor market contacts a significant role in 


3There was no evidence of a drift in the search 
efficiency parameter nor did the presence of the (statisti- 
cally insignificant) wage-price control variables affect 
these qualitative conclusions. Moreover, the unemploy- 
ment insurance (UT) replacement ratio (the ratio of 
average weekly UI benefits to average weekly earnings) 
did not significantly decrease the job search efficiency 
parameter B, as has been widely hypothesized. The 
details of these additional results are available from the 
author upon request. 
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determining the time path of employment. 
On the other hand, the equilibrium paradigm 
was construed as placing importance on the 
effects of deviations of actual from expected 
real wages on labor turnover, the efficiency 
of job search, and, hence, employment and 
unemployment. Of course, these two hy- 
potheses are not mutually exclusive and could 
provide complementary accounts of employ- 
ment changes over the business cycle. 

Based upon data from the U.S. manufac- 
turing sector, the empirical results suggested 


` that changes in the number of vacancy con- 


tacts rather than wage misperceptions signifi- 
cantly affected employment growth and 
equilibrium unemployment. This evidence 
is consistent with the findings reported by 
Parsons (1973) and Barron concerning the 
determinants of manufacturing quits and 
unemployment duration, respectively, but 
contradicts the more recent results on unem- 
ployment duration in manufacturing ob- 
tained by Björklund and Holmlund. The evi- 
dence presented in this paper provides some 
additional support, then, for the view that 
changes in employment are generated pri- 
marily by exogenous variations in labor 
market quantities rather than by the optimal 
responses of market participants to misper- 
ceived pecuniary opportunities. 

Two caveats to this interpretation of the 
empirical results should be mentioned. First, 
as noted above, the misperceptions hypothe- 
sis implies an unambiguously positive effect 
of real wage surprises on job search effi- 
ciency only if the labor supply response to 
unanticipated real wage offers dominates the 
effect on labor demand. In the absence of 
firm evidence on the relative magnitudes of 
these elasticities, this qualitative prediction 
depends on an untested, maintained hy- 
pothesis. Second, suppose that changes in the 
number of job vacancies simply reflect the 
profit-maximizing responses of firms to 
(known) variations in the wage mispercep- 
tions of job seekers. In this situation, esti- 
mates of reduced form relationships investi- 
gated here (and by Parsons (1973), Barron, 
and Bjórklund-Holmlund) may not be able 
to discriminate sharply between disequi- 
librium and search-theoretic explanations for 
cyclical fluctuations in employment. 
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While these tests of the wage mispercep- 
tion hypothesis are informative, it is im- 
portant to recall that they are based upon a 
particular construction of the variable which 
represents the difference between actual and 
expected real wages. As Joseph Altonji and 
Orley Ashenfelter (1980) and Seater have 
remarked, aggregate real wages are very easy 
to track with ARMA techniques so that there 
is little scope for substantial misperceptions 
of wages over time when expectations are 
modelled in this manner. However, the find- 
ing that the residuals from a rather simple 
model of the aggregate real wage process are 
essentially white noise casts doubt on the 
empirical significance of theories which as- 
sign to forecasting mistakes the burden of 
explaining cyclical fluctuations in employ- 
ment. 

In addition to providing tests of the two 
hypotheses, the empirical results were used 
to estimate the equilibrium or natural rate of 
unemployment and the effects of wage-price 
controls. The equilibrium unemployment rate 
in manufacturing was computed to be ap- 
proximately 4.8 percent of the labor force, in 
contrast to the observed mean unemploy- 
ment rate of 5.7 percent over the sample 
period. Tests of hypotheses and quantitative 
estimates of the natural rate of unemploy- 
ment were unaffected by the incorporation 
of variables which proxied the presence of 
wage-price controls. There was evidence of a 
downward drift in the job turnover rate which 
may be attributable in part to the monotonic 
decline in the relative minimum wage during 
the sample period. 

Of course, the results reported here are 
specific to one sector (manufacturing) of the 
U.S. economy, were generated with data from 
one business cycle, and were analyzed within 
the context of a particular theoretical model. 
The extent to which these findings can be 
generalized to the U.S. economy as a whole 
or to other countries, time periods, and mod- 
els remains a question of considerable im- 
portance for future research. 
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Tax Policy, the Interest Elasticity of Saving, and Capital 
Accumulation: Numerical Analysis of Theoretical Models 


By OWEN J. EVANS* 


Increasing disillusionment with traditional 
empirical methods is having a major impact 
on research methodology, which is increas- 
ingly turning to simulation analysis based on 
theoretical models and assumed parameter 
values. In research on saving and wealth 
accumulation, there have been several recent 
studies! consisting of simulation of theoreti- 
cal models based on the life cycle model. A 
particular focus has been tax policy and 
capital formation, which is the area of con- 
centration of this paper. : 

The aim is to analyze in a theoretical 
simulation context, the impact on saving and 
wealth of an increase in the after-tax rate of 
return to saving, generated by a cut in the 
tax rate on income from capital. This paper 
suggests that such simulation analysis, while 
instructive as to the behavior of the class of 
models examined, and as to the critical chan- 
nels of influence, does not yield a theoretical 
presumption in favor of cutting taxes on 
income from capital as a means of stimulat- 
ing capital formation. 

The development of this literature derives 
in part from disillusionment with traditional 
empirical methods; many such papers begin 
by listing a litany of the problems involved 
in the usual type of empirical analysis before 


"International Monetary Fund. This paper derives 
from chs. 2 and 3 of my doctoral dissertation, completed 
during a Research Fellowship at the Brookings Institu- 
tion. Financial support was received ftom Brookings 
and the Social Science Research Council. I am grateful 
tó Henry Aaron, Barry Bosworth, Maxim Engers, Irwin 
Friend, Laurence Kotlikoff, Franco Modigliani, Joseph 
Pechman, Duncan Ripley, Robert Shiller, Patricia Stack, 
and my supervisor Albert Ando for comments and 
guidance on earlier drafts. None of the above institu- 
tions or individuals is responsible for the views ex- 
pressed or any remaining errors. 

lFor example, see James Tobin and Walter e 
Betsy White; Lawrence Summers (1978, 1981a,b), G. 
Moore; Alan Auerbach and Laurence Kotlikoff; and 
Auerbach, Kotlikoff, and J. Skinner. 
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proceeding to simulation of theoretical struc- 
tures. The implicit conclusion at times ap- 
pears to be that because of the daunting 
problems of standard empirical methodol- 
ogy, the results derived from it can be 
ignored, and that empirical magnitudes can 
perhaps be discovered by deductive means. 
The temptation to think of the precise 
numerical results derived from theoretical 
simulation as empirical can be rather strong; 
it needs to be reemphasized that empirical 
magnitudes can only be determined by em- 
pirical studies. 

In Section I, the theoretical structure of a 
zero bequest life cycle model? is outlined, 
and several numerical simulations of this 
model are presented. These simulations high- 
light interesting and nontrivial interactions 
of theoretical parameters, and also demon- 
strate the difficulty involved in attempts to 
develop robust aggregate implications from 
such a framework. For instance, it is argued 
that Summers’ claim to have developed “a 
prima facie theoretical case for a high inter- 
est elasticity of savings" (1981a, p. 537) does 
not stand up to sensitivity analysis—a small 
change in the assumed rate of pure time 
preference, or in other parametric assump- 
tions, generate otherwise plausible cases in 
which “the” interest elasticity of aggregate 
saving is low. The experiments conducted in 
Section I are partial equilibrium in the sense 
that the interest rate is changed exogenously, 
which changes savings and hence the capital 
stock, but the feedback effect of the capital 


?1t is popular to establish a sharp dichotomy between 
“life cycle models" and “bequest models.” This taxon- 
omy ignores the frequent references to the potential 
significance of bequests in the writings of the originators 
of the life cycle hypothesis. A distinction between "zero 
bequest life cycle models” and “life cycle models incor- 
porating bequests” is more accurate in terms of doc- 
trinal history. See for example, Albert Ando and Franco 
Modigliani, and Modigliani and Richard Brumberg. 
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stock on the interest rate is not considered. 
These experiments are also uncompensated, 
since when the interest rate is exogenously 
changed, there is no offsetting change 
elsewhere. Alternatively, these partial equi- 
librium experiments could be regarded as 
. dealing with a cut in the after-tax interest 
rate, generated by reducing capital income 
taxes, and financed by equivalent reduction 
in government consumption expenditure. 

In Section II, a simulation of the transi- 
tion path from one steady state to another is 
conducted; it is found that the saving rate 
must overshoot its new long-run equilibrium 
value during the transition in order for the 
wealth-income ratio to reach its new long-run 
equilibrium. In addition, in a structure with 
a large positive partial equilibrium interest 
elasticity of saving, the necessary transitional 
fluctuations in the saving rate are so large as 
perhaps scarcely to be plausible. 

In Section III, intergenerational transfers 
are introduced, and further simulations con- 
ducted. If such transfers are a significant 
component of wealth accumulation? then 
their response to interest rate changes is a 
key determinant of the interest elasticity of 
saving and hence is critical in discussion of 
tax policy and capital formation. 

In Section IV, the consequences of reduc- 
tion or elimination of taxation of capital 
income taxes (with compensating increases 
in some other tax) are examined in a general 
equilibrium context. Again results are criti- 
cally dependent on parameter choice. 

In general, this type of simulation exercise 
is seen to be sensitive to parametric struc- 
ture, and to what factors are included or 
excluded. Such analysis can be instructive as 
the key theoretical influences, but cannot 
substitute for empirical research. 


I 


The utility function is assumed to take 
some simple functional form, namely, to be- 
long to the constant proportional risk aver- 


3Kotlikoff and Summers (1981) suggest that 70 to 80 
percent of household wealth in the United States derives 
from intergenerational transfers. 
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sion class: * 


0) | U-XU(6)/0*9)" 


t-1 


where U(C,) = (1/(1— y))C} ?, for y #1 or 
U(C,) = log(C,), for y=1 and where T= 
length of (economic) life, known with cer- 
tainty; p = rate of pure time preference; and 
y = coefficient of proportional risk aversion.? 

It is further assumed that the individual 
receives no inheritance and leaves no be- 
quest, that the real interest rate is constant 
and certain, and that individual labor in- 
come grows at some constant rate g per 
period until retirement, after T, years in the 
work force. This yields a budget constraint 
of the following form: 


Q Doser) 


t=1 
T 


=w Y. [5 g)/12)]7*, 


t=} 


where w, is the individual's wage in the first 
period of economic life. 

The first-order conditions yield the follow- 
ing result: 


9 Ga-l077/0*2)]"7'6. 


This defines the slope of the individual con- 
sumption profile; (2) and (3) can be solved 
jointly for the value of C,, after which every- 
thing else follows. 

In order to make aggregate computations, 
further assumptions are needed (specifically, 
that there are T overlapping cohorts alive at 


^AI] the studies mentioned above use this function, 
which also exhibits a constant elasticity of substitution 
between consumption in different periods, equal to 1/ y. 
This is the only additive utility function consistent with 
the Modigliani-Brumberg homogeneity hypothesis (see 
Menahem Yaari). Robert Merton has shown that the 
portfolio allocation problem and the consumption/sav- 
ing decision are separable when the utility function is of 
this form. 

5To avoid confusion, it should be noted that what 
Summers calls y in his paper is equal to 1— y in my 
notation. 


400 THE AMERICAN ECONOMIC REVIEW 


any time point, differing only in age, that all 
individuals in the work force at a given time 
are paid the same wage, irrespective of age 
differences, and that population grows at a 
steady rate of n percent per annum). With 
this additional structure, one can aggregate 
over cohorts and examine aggregate magni- 
tudes. The assumptions of the model struc- 
ture are so highly stylized that it should 
scarcely need mentioning that attempts to 
draw policy conclusions may not be robust 
because of the absence from the structure of 
such phenomena as uncertainty (of any kind), 
heterogeneity, and money, to mention only 
three. 

Plausible ranges for parameters and results 
need to be discussed at the outset. For the 
United States, the annual rates of population 
and productivity growth (measured in terms 
of real GNP per man-hour) have been 1.4 
percent and 2.2 percent over 1900 to 1974. A 
measure of the portfolio-weighted real after- 
tax rate of return averaged 4.5 percent over 
1900—74.$ Following Summers (19812), for 
most of the simulations I assume a produc- 
tivity growth rate of 2 percent per annum, 
population growth rate of 1.5 percent per 
annum, after-tax real rate of return of 4 
percent per annum, an economic lifetime of 
fifty years, and an earning span of forty 
years. 

The intertemporal elasticity of substitution 
in consumption (1/ y) is more problematic. 
Warren Weber (1970, 1975) found ranges of 
0.13 to 0.41 in his first paper, and 0.56 to 
0.75 in his second. Irwin Friend and Marshall 
Blume (1975) found evidence suggestive of 
an elasticity of less than 0.5. Sanford Gross- 
man and Robert Shiller (1981) suggested less 
than 0.25; Robert Hall (1981) found values 
less than 0.1, and Summers (1981b) found 
values from 0.04 to 0.45. The present simula- 
tions use values of y ranging from 1.0 to 5.0 
(i.e., the intertemporal elasticity ranges from 
0.2 to 1.0). 

Because of the absence of evidence as to 
time preference rates, the assumptions are 
varied, ranging from —3 percent to 3 per- 


See Kotlikoff and Summers (1981, pp. 714-15), for 
the origin of these estimates. 
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cent.’ Negative time preference rates cannot 
be ruled out a priori. Plausible ranges of 
results for saving rates and wealth income 
ratios in the United States can be estab- 
lished. Household wealth-income ratios? 
averaged around 4.0 over the 1970's, and 
household saving rates measure around 10 
percent, depending on the precise definition 
employed. 

In Table 1, the results of some simulations 
are provided, over a variety of values for y 
and for the rate of time preference. Statistics 
presented are the interest elasticity of saving, 
the saving rate, and the wealth-income ratio. 
The interest elasticities of saving computed 
are partial equilibrium, as the feedback effect 
of the capital stock on the interest rate is not 
considered. If the increase in the rate of 
interest is viewed as deriving from a cut in 
the tax on capital income, then the elastic: 
ities computed are uncompensated, as no 
offsetting change is made elsewhere. 

It can be seen in Table 1 that the higher is 
the value of the risk aversion coefficient y, 
the lower is the interest elasticity, the saving 
rate, and the wealth-income ratio. The inter- 
est elasticity is lower because 1/y is the 
intertemporal elasticity of substitution of 
consumption. The saving rate and wealth- 
income ratios both decline with y, because 
the larger is y, the flatter is the individual 
consumption profile (see equation (3)). A 
relatively flat consumption profile and rising 
labor income may generate substantial dis- 
saving in youth lowering the saving rate and 
wealth-income ratio. It can also be seen that 
the larger is the time preference rate p, the 
lower are the saving rate and wealth-income 
ratio and the higher is the interest elasticity 
of saving. As can be seen from equation (3), 
the higher is the pure time preference rate, 
the flatter is the lifetime consumption profile 
of the individual, so that saving in youth is 
smaller, or dissaving in youth greater. It is 
not clear that substantial dissaving in youth 
(i.e., generation of significantly negative net 
worth) is empirically realistic. With dissaving 


"However, for some inferential evidence, see Mancur 
Olson and Martin Bailey (1981). 

SUsing data from the MPS model data bank for 
household wealth and disposable income. 
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TABLE | — INTEREST ELASTICITIES OF SAVING, SAVING RATES, AND WEALTH-INCOME RATIOS 


(D: p = — 0.03 
Value of Saving Saving Wealth- Saving 
y Elasticity Rate Income Elasticity 
1.0 0.70 0.31 9.17 1.11 
2.0 0.48 0.19 5.46 0.74 
3.0 0.41 0.15 4.49 0.56 
40 0.34 0.13 3.81 0.40 


401 
(2): p = 0.00 (3): p = +0.03 

Saving Wealth- Saving Saving Wealth- 
Rate Income Elasticity Rate Income 

0.34 9.83 3.55 0.06 1.64 

0.11 325 324 0.04 1.09 

0.08 2.21 2.97 0.03 0.82 

0.06 1.67 1.90 0.01 0.40 


Notes: Assumptions: T = 50; T, = 40; g =.02; n =.015; r —.04. The saving elasticity is the interest elasticity of saving, 
computed numerically as the proportionate change in aggregate saving, for a given (small) proportionate change in the 
rate of interest. Saving rates and wealth-income ratios are computed relative to total income (including interest). 


TABLE 2— INTEREST ELASTICITIES, SAVING RATES, AND WEALTH-INCOME RATIOS 


(1): p = — 0.03 
Value of Saving Saving Wealth- Saving 
Y Elasticity Rate Income Elasticity 
1.0 0.72 0.21 10.47 0.90 
2.0 0.46 0.13 6.84 0.56 
3.0 0.30 0.10 5.24 0.35 
4.0 0.19 0.09 4.38 0.23 
5.0 0.11 0.08 3.84 0.13 


(2): p = 0.00 (3): p = +0.03 

. Saving Wealth- Saving Saving Wealth- 
Rate Income Elasticity Rate Income 
0.15 740 1.91 0.06 3.16 
0.09 4.71 1.04 0.05 2.37 
0.07 3.70 0.61 0.04 2.10 
0.06 3.18 0.36 0.04 1.97 
0.06 2.86 0.20 0.04 1.89 


Notes: Assumptions: T = 50; T, = 40; g 7.01; n —.01; r =.04. 


in youth, the income effect of an interest rate 
change works in the opposite direction than 
that usually imagined, as a higher interest 
rate implies higher interest outlays, not higher 
interest receipts. This is the reason for the 
large interest elasticities in column (3) of 
Table 1 (which corresponds to column (1) of 
Summers, 1981a, Table 1, p. 536). In the 
cases examined in columns (1) and (2) of 
Table 1, there is no dissaving in youth, and 
the interest elasticities are sharply lower. 
The results demonstrate the extreme sensi- 
tivity of Summers' *prima facie theoretical 
case" for a large interest elasticity of savings 
to changes in the time preference rate. We 
see one case in column (2) in which the 
elasticity of saving is 0.7 (still larger than 
most empirical estimates, but sharply lower 
than the figure of around 2.0 proposed by 
Summers), the saving rate is 11 percent and 
the wealth-income ratio is 3.25 — well within 
plausible empirical ranges. In column (1) of 
Table 1, we see a case (y — 4.0), in which the 
saving rate is 13 percent, the wealth-income 


ratio 3.8, and the interest elasticity of saving 
0.34, which is dramatically less than the fig- 
ure of around 2.0 proposed by Summers. 

It is well known that productivity growth 
and population growth in the United States 
have diminished sharply in the 1970's. In 
Table 2, simulation results are presented 
in which the productivity and population 
growth rates are assumed each to be 1 per- 
cent per annum. 

At the individual level, the lower is the 
assumed productivity growth rate, the smaller 
is the *reduction of human wealth" effect, 
emphasized by Summers (1981a). When the 
rate of interest changes, the substitution and 
reduction of human wealth effects dominate 
in the younger cohorts, causing increased 
saving, and the income effect dominates in 
the older cohorts, reducing saving? Compu- 
tation of the aggregate interest elasticity of 
saving is therefore extremely sensitive to the 


?For more detail, see my dissertation, ch. 3. 
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population and income growth assumptions. 
The smaller the assumed rates of population 
and productivity growth, the greater the rela- 
tive size of the older cohorts (numerically, 
and in terms of wealth), the larger is the 
aggregate income effect, and the smaller is 
the interest elasticity of saving. 

The resulís in Table 2 clearly illustrate 
these considerations. If we restrict ourselves 
to nonnegative rates of time preference, we 
see in column (2), a case (y = 3.0) in which 
the saving rate and wealth-income ratio are 
within plausible ranges, and the interest elas- 
ticity is 0.35 —far below the figure of around 
2.0 advocated by Summers. If negative time 
preference rates are regarded as admissible 
(and they cannot be dismissed a priori), we 
see an otherwise plausible case (y = 5.0) with 
an interest elasticity of 0.1 in column (1). 
Clearly the “prima facie theoretical case for 
a high interest elasticity of savings" proposed 
by Summers is not robust to changes in 
assumptions. 

Two factors not present in the above 
structure are intergenerational transfers and 
uncertainty as to the future labor income 
stream. In Section III below, it will be argued 
that the presence of bequests is likely further 
to reduce the aggregate interest elasticity of 
saving, compared to the zero bequest case. 
Labor income uncertainty is not incorpo- 
rated into the models in this paper, but the 
direction of the effect would likely be to 
reduce the simulated interest elasticity of 
saving. It has been shown in several con- 
texts that a sufficient condition for an 
increase in labor income uncertainty to in- 
crease saving is that the utility function ex- 
hibit diminishing absolute risk aversion—a 
relatively weak property possessed by the 
constant proportional risk aversion utility 
function used here. With increased saving, a 
given change in saving would translate into a 
smaller elasticity. Further, the saving rates 
and wealth-income ratios would be larger, 
and closer to plausible ranges, for larger 
values of y —for which the simulated interest 
elasticity would be small. Hence incorpora- 


See Jacques Dréze and Modigliani (1972), Hayne 
Leland (1968), Bruce Miller (1974, 1976), and Agnar 
Sandmo (1970). 
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tion of labor income uncertainty would be 
likely to strengthen the plausibility of a 
“small” interest elasticity of saving. 


I 


The above discussion of the interest elas- 
ticity of aggregate saving was entirely in 
terms of comparison of steady states, without 
any analysis of the transition. For policy 
purposes, the transition may be of as much 
importance as the steady-state analysis. 

The elements of the problems are devel- 
oped as follows. The change in the interest 
rate is a surprise. Before its occurrence, all 
lifetime calculations have been made using 
the initial interest rate. After a change in the 
rate, it is assumed that the new rate will 
persist forever, and all cohorts instanta- 
neously recompute their lifetime wealth (re- 
calculating the present value of future labor 
income and adding it to wealth accumulated) 
and calculate a new optimal consumption 
profile. There are no expectational lags, 
long-term contracts, or habit persistence in 
consumption. 

Nevertheless, the adjustment of the ag- 
gregate system from its old steady-state path 
to the new steady state does not occur in one 
period, but rather is gradual and only com- 
plete when all cohorts alive at the time of the 
change have died.!! This is because the ad- 
justment of the aggregate system has two 
components— the first is the adjustment and 
recalculation made by the transitional cohorts 
in the period following the change; the sec- 
ond is the gradual dying out of these transi- 
tional cohorts, and their replacement by new 
generations for whom the ex post regime was 
present at the beginning of their economic 
lives. ~ 

In Table 3, numerical results are presented 
for the transition from steady state ex ante to 
steady state ex post for a zero bequest model, 
as outlined in Section I, after a rise in the 


!!In a model with bequests, the convergence from the 
steady state ex ante to the steady state ex post might be 
an even more gradual process, as the effects of the initial 
disturbance would be transmitted to newly born genera- 
tions through the inheritances received from cohorts 
alive at the time of the change. 
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TABLE 3— TRANSITION FROM ONE STEADY STATE TO ANOTHER AFTER A CHANGE IN THE INTEREST RATE . 


Transition after a rise in the 
interest rate from 4 percent 
per annum to 6 percent per annum 


Wealth- 
Income 
Ratio 


Saving C-YL 
Year Rate Ratio 
0 0.056 1.008 
1-5 0.208 0.894 
6-10 0.198 0.940 
11-15 0.188 0.980 
16-20 0.179 1.013 
21-25 0.170 1.043 
26-30 0.161 1.068 
31-35 0.152 1.089 . 
36-40 0.144 1.105 
41-45 0.137 1.115 
46-50 0.134 1.120 
51 0.133 1.121 


Notes: Assumptions: T-50; T1— 


40; g = 0.02; n = 0.015; y 21.0; p 


Transition after a fall in the 
interest rate from 6 percent 
per annum to 4 percent per annum 


: Wealth- 
' Saving C-YL Income 
Rate Ratio Ratio 
0.133 1.121 3.920 
—0.042 1.223 3.658 
—0.021 1.164 3.032 
—0.004 1.119 2.557 
+0.011 1.084 2.210 
0.023 1.059 1.968 
0.035 1.039 1.810 
0.043 1.025 1.716 
0.050 1.016 1.667 
0.054 1.010 1.649 
0.056 1.008 1.645 
0.056 1.008 1.645 


— 0.03. The saving rate and wealth-income ratio 


are measured in terms of total income (including interest Bone): C-YL is the consimption-labor i income ratio; 
period 0 is the steady state ex ante 'and period 51 is the steady state ex post. 


interest rate from 4 to 6 percent and for 
completeness, after a fall in the interest rate 
from 6 to 4 percent. For ease of presentation, 
the figures are presented as averages over 
five-year periods. Period 0 is the steady state 
ex ante, period 51 is the steady state ex post. 
What we observe is a dramatic overshoot- 
ing by the saving rate immediately following 
the exogenous change. In the case of an 
interest rate rise, the saving rate jumps from 
5.6 to 20.8 percent as the transitional cohorts 
make their optimal adjustments. Subse- 
quently, the saving rate declines from the 
value to which it overshot toward its ultimate 
new steady state position. This. type of over- 
shooting behavior by the saving rate is neces- 
sary, because the wealth-income ratio has to 
increase substantially during the transition. 
In the case of a decline in the interest rate, 
the saving rate overshoots dramatically re- 
sulting in a negative saving rate for the first 
fifteen years after the change. Such, over- 
shooting is again necessary because during 


this transition, a large fraction of accu-' 


mulated wealth has to be consumed. 
Such huge movements in the aggregate 
saving rate during the transition are neces- 


sary for the long-run interest elasticity of 
saving to be in the range suggested by 
Summers (19812), and cast further doubt on: 
his argument, as movements of aggregate 
saving rates anywhere near this magnitude 
do not appear to have been observed histori- 
cally. 


n 


In this section, bequests are incorporated 
into the structure. One way to incorporate 
bequests is for the utility or consumption of 
children to be an argument of the utility 
function of parents (see Robert Barro, 1974). : 
In this context, the representative individual 
acts as if he will live forever!? (since the 
utility or consumption of all his descendants 
enters his own utility function), and as noted 
by Summers (1981a), the partial equilibrium 
interest elasticity of saving is infinite, as the 
after-tax rate of interest is always driven to a 
modified Golden Rule position. 


For a discussion of the plausibility of this structure, 
see Willem Buiter (1979). 
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In this context, the long-run general equi- 
librium capital income tax rate! elasticity of 
saving is entirely determined by the produc- 
tion technology. Some illustrative calcula- 
tions are provided below. The production 
technology is assumed to be Cobb-Douglas. 
That is, 


(4) y-k?, 


where y is output per (effective) worker, and 
k is capital per (effective) worker, and a is 
the capital share of output. The gross return 
to capital is given by 


(5) R=ak*"', 


and the net return to capital by 
(6) r, 7 (1— 7,)ak*!, 


where 7, is the (assumed proportional) tax 
rate on capital income. Since the after-tax 
interest rate is driven to a modified Golden 
Rule position and labor supply is given, the 
long-run elasticity of the capital stock (and 
hence saving) can be found by assuming r, 
constant and manipulating equation (6). The 
resulting expression is 


din(k) _ -Tk 
O dm) UD 


Using the parametric assumptions em- 
ployed by Summers (1981a) (i.e., a capital 
share of output of 0.25, and a tax rate on 
capital income of 0.5), (7) yields an elasticity 
of saving of 1.333.'4 That is, an infinite par- 
tial equilibrium elasticity of saving reduces 
to a general equilibrium elasticity of 1.333, 
given the production assumptions made. Pre- 

` sumably, therefore, given these assumptions 
(made by Summers, 1981a), 1.333 is an upper 
bound on the general equilibrium elasticity, 
so that a figure of close to 2.0, is out of the 
question. 


13Also in this context, the interest elasticity and the 
tax rate elasticity of saving differ, with the latter being 
the interesting concept for the purposes at hand. 

144 value of 7, of 0.25 would imply an elasticity of 
0.444; a value of 7, of 0.1 would imply an elasticity of 
0.15. 
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There are other, perhaps more plausible, 
ways of incorporating bequests, than assum- 
ing infinite horizon Barro-type dynasties. 
Two alternatives are discussed briefly below. 
The individual receives an inheritance, and 
must pass on at his death a bequest related 
by the appropriate steady-state growth rate 
to his initial inheritance." In the first alter- 
native examined, bequests are analogous to 
final period consumption, and so are main- 
tained proportionate to it. In the second 
alternative, inheritances and bequests are in- 
variant to changes in the interest rate; this is 
a convenient benchmark case. In both in- 
stances, the inheritance is received at the 
start of economic life, and the bequest passed 
on at the end of life. The rest of the structure 
is as before. 

Results are presented in Table 4. In gen- 
eral, the larger the inheritance and bequest, 
the larger the saving rate and wealth-income. 
ratio, and the smaller the interest elasticity of 
saving. The interest elasticity is lower for two 
main reasons— first, with a larger saving rate, 
a given change in saving translates into a 
smaller elasticity, and second (in the case in 
which the inheritance and bequest are in- 
variant to the interest rate), the net income 
from the bequest increases, partially offset- 
ting the “reduction in human wealth" effect. 
The addition of intergenerational transfers to 
the structure also makes small or negative 
interest elasticities of saving more plausible, 
by increasing the saving rate and wealth- 
income ratio for high values of y for which 
the interest elasticity is bound to be low. The 
interest elasticities in Table 4 once again 
reinforce the plausibility of a small interest 
elasticity of saving, and introduce the possi- 
bility of a negative elasticity. 

The broad conclusions are that incorpora- 
tion of intergenerational transfers makes a 
small interest elasticity of saving even more 
plausible, and enables negative interest elas- 
ticities of saving to become entirely plausi- 
ble. In the convenient benchmark case in 
which intergenerational transfers are unaf- 
fected by the interest rate, several otherwise 


5See my dissertation, ch. 3, for details. 
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TABLE 4— INTEREST ELASTICITIES, SAVING RATES, AND WEALTH-INCOME RATIOS 
IN MODELS WITH INTERGENERATIONAL TRANSFERS 
Wealth- 
oes Saving Income 
Value of Inheritance Interest Elasticities of Savings Rate Ratio 
Y Ratio (1) (2) (3) (4) 
1.0 0.0 1.25 1.25 0.16 4.69 
1.0 1.25 0.96 0.20 5.73 
2.0 1.28 0.78 0.23 6.67 
3.0 1.31 0.65 0.26 7.53 
3.0 0.0 0.75 0.75 0.06 1.66 
1.0 0.53 0.29 0.10 2.99 
2.0 0.50 0.13 0.14 4.18 
3.0 0.51 0.04 0.18 5.25 
5.0 0.0 0.37 0.37 0.03 1.00 
1.0 0.20 —0.01 0.08 2.39 
2.0 0.20 —0.10 0.12 3.64 
3.0 0.24 —0.14 0.16 4.76 


Notes; Assumptions: T= 50; T,—40; p — 0.01; g=0.02; n=0.015; r-0.04. Column (1) keeps the bequest 
proportional to final period consumption and Column (2) has inheritances and bequests invariant to the interest rate. 
` An inheritance ratio of 1.0 means an inheritance equal to the wage in the first year of economic life. 


plausible cases are developed in which the 
interest elasticity of saving is negative. The 
key channel of influence, when inheritances 
and bequests are important, is the effect on 
them of interest rate changes. 

It is also possible for bequests to enter the 
analysis in the absence of a bequest motive. If 
one assumes that length of life is stochastic, 
and that actuarially fair life insurance and 
annuities markets are absent, the individual 
bears all the risk from his stochastic lifetime. 
(See my dissertation, ch. 3, for a detailed 
analysis. Because the risk of living longer 
than expected and running out of wealth 
outweighs that of dying too soon with some 
wealth unconsumed, bequests are substan- 
tially positive in this framework on average, 
despite the complete absence of a bequest 
motive.'ó The induced bequests can be quite 
large and the interest elasticity of aggregate 
saving is frequently negative in this context. 


1©James Davies conducts a similarly motivated analy- 
sis in an attempt to reconcile the findings from survey 
evidence which indicate that wealth decumulation in 
retirement is markedly less than predicted by the zero 
bequest model, but that respondents rarely cite bequests 
as a motivation for saving. 


This framework suggests that it may be prob- 
lematic to attempt to infer a significant be- 
quest motive from the (alleged) empirical sig- 
nificance of bequests." 


IV 


The above analysis focussed on the partial 
equilibrium interest elasticity of savings. The 
rate of interest was purely an exogenous 
parameter. In this section, the analysis is 
extended to the general case, in which a 
(tax-induced) interest rate change affects sav- 
ings, thus changing the capital stock, which 
in turn feeds back to the interest rate. This is 
done by adding a production function to the 
structure. 

Production is assumed to be of the Cobb- 
Douglas type, and gross returns are equated 


See Kotlikoff and Summers, and Michael Darby. 
This apparently arcane question is of some theoretical 
significance. If we have substantial bequests without (or 
with a small) bequest motive, then we would not expect 
a significant offset from intergenerational transfers (see 
Barro) on the effect of Social Security on personal 
saving. Ín many areas, important results depend not 
only on the empirical significance of bequests, but also 
on their deriving from a bequest motive. 


406 THE AMERICAN ECONOMIC REVIEW 


to marginal products. That is, 
8) Y =KE((1+8)L) *, 


where Y is gross output, K, , is the capital 
stock at the start of the given period, and L 
is the stock of labor. One derives from the 
above, 


(9) R, — a(Y,/K,), 
(10) W,- (1— «)(Y,/L,), 


where R and W are the gross returns. 
The net returns which enter the household 
calculus are given by 


(11) r= R(1- r), 
(12) w, =W(1— s,), 


where 7, and 1, are the proportional tax rates 
on income from capital and labor income, 
respectively. 

Two cases are examined in detail. In each 
case, the aggregate saving rates and wealth- 
income ratios are broadly similar, but in the 
first case, the elasticity of substitution in 
consumption is high and there are no be- 
quests, and in the second case, the elasticity 
of substitution in consumption is low and 
there are substantial bequests. 

In the first instance, each individual has a 
log utility function, with other assumptions 
as in Table 4.'8 These yield a personal saving 
rate of 16 percent, and a wealth-disposable 
income ratio of 4.7. In the second instance, 
each individual has a proportional risk- 
aversion coefficient of 5.0 (alternatively, an 
intertemporal elasticity of substitution in 
consumption of 0.2), receives a bequest in 
the first year of economic life equal to three 
times his wage in that year, and passes on 
the appropriate bequest fifty years later. In- 
heritances and bequests remain constant un- 
der changes in the interest rate. These as- 


'8That is, economic life of length fifty years, earning 
span of forty years, time preference rate of 1 percent per 
annum, initial interest rate of 4 percent, population 
growth rate of 1.5 percent, and (labor augmenting) 
technological progress at 2.0 percent. 
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sumptions yield a personal saving rate of 16 
percent and a wealth-income ratio of 4.8. 

The experiments conducted are in the dif- 
ferential incidence tradition of public fi- 
nance. The after-tax rate of interest is in- 
creased by a cut in the tax on capital income. 
Government revenue is maintained at the 
initial level!’ by raising either the wage tax 
or the consumption tax.”° 

The first experiment was to induce a small 
change in the interest rate in order to com- 
pare the general equilibrium with the partial 
equilibrium response. In the first case,?! the 
general equilibrium response should be sub- 
stantially smaller than the partial equilibrium 
response, as the increase in savings will in- 
crease the capital stock, and thus reduce the 
gross and net returns to capital. The degree 
of damping of the partial equilibrium effect 
is substantial—the increase in saving gener- 
ated by a small cut in capital income taxes, 
financed by a rise in the consumption tax 
rate, is 68 percent of the partial equilibrium 
increase. When the compensatory tax in- 
crease was through the wage tax, the general 
equilibrium saving increase is only 54 per- 
cent of the partial equilibrium increase. 

In the second case, with a negative partial 
equilibrium interest elasticity, the changes in 
the capital stock amplify rather than damp 
the partial equilibrium change. The increase 


19The sense in which these are compensated changes 
needs to be discussed. Government revenue is kept at 
the same level, but the income effects on the representa- 
tive individual may still be substantial, so that we are 
not looking at a pure substitution effect by any means. 

20The results are derived by simulation using a mod- 
ified Gauss-Seidel iteration technique. Starting from the 
initial steady state whose structure is known, the tax rate 
on capital income is reduced, and the wage tax or 
consumption tax increased by just enough to keep 
government revenue constant, if nothing else changes. A 
second simulation is conducted with these tax rates and 
new after-tax returns (on labor and capital) as inputs, 
generating new consumption, saving, and wealth results. 
Gross returns are regenerated from the production func- 
tion, and the wage or consumption tax is altered again 
so as to keep government revenue constant. These act as 
inputs for the next round. The process is iterated to 
convergence. 

?'The first case (y =1.0, no bequests) has a partial 
equilibrium interest elasticity of saving of 1.25. The 
second case ( y = 5.0, large bequests) has a partial equi- 
librium interest elasticity of ~ 0.14. See Table 4. 
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TABLE 5— GENERAL EQUILIBRIUM EFFECTS OF ELIMINATION OF THE CAPITAL INCOME TAX 


New Percentage Change in: 
Regime Consumption Wealth Saving 
Case 1 

Consumption 
Tax +67.2 +158.5  +158.5 
Wage Tax +48.8 +1010 — 4101.0 
Case 2 
Consumption 
Tax +0.2 +0.9 +0.9 
Wage tax —3.0 —- 123 —123 


Final Wage Consump- Initial Final 
Interest Tax tion Tax Saving Saving 
Rate Rate Rate Rate Rate 
4.92 0.0 21.6 16.00 22.75 
5.62 26.7 0.0 16.00 20.46 

7.95 0.0 31.6 16.2 16.3 
8.82 39.3 0.0 16.2 14.9 


Notes: Assumptions: T = 50, T, = 40, p = 0.01, r= 0.04, g = 0.02, n = 0.015. Case 1: y — 1.0, no bequests. Case 2: 
y = 5.0; individual in initial steady state receives inheritance equal to three times his initial net wage in the start of 


economic life. 


in the after-tax interest rate reduces saving, 
and hence the capital stock, and so increases 
the interest rate further. In the case of a 
small cut in capital income taxes, financed 
by a small increase in the consumption tax, 
the general equilibrium fall in saving was 118 
percent of the partial equilibrium fall. When 
the compensating tax increase was through 
the wage tax, the general equilibrium re- 
sponse was 156 percent of the partial equi- 
librium response. This suggests that in inter- 
preting earlier analysis of partial equilibrium 
interest elasticities, one should be aware that 
when the partial equilibrium interest elastic- 
ity of saving is positive, the corresponding 
general equilibrium elasticity is likely to be 
substantially smaller, but when the partial 
equilibrium elasticity is negative, the corre- 
sponding general equilibrium elasticity is 
likely to be substantially greater (in absolute 
value). 

The second set of experiments involved 
large changes. In one test, the wage tax and 
capital income tax were eliminated, and re- 
placed by a consumption tax. In the second 
test, the capital income tax was eliminated, 
and all government revenue raised from a 
wage tax. Results are presented in Table 5. 

As before, we have two parametric struc- 
tures—one with a high elasticity of substitu- 
tion in consumption and no intergenera- 
tional transfers, and the other with a low 
intertemporal elasticity of substitution. in 


consumption, and significant intergenera- 
tional transfers. 

In the first case, the results resemble closely 
those of earlier simulation studies. A com- 
plete shift to consumption taxation dramati- 
cally increases steady-state consumption (by 
67 percent), and the capital stock (by 159 
percent). In the case of a complete shift to 
wage taxation, steady-state consumption rises 
by 49 percent, and the capital stock more 
than doubles. The reason for the more sub- 
stantial results under a shift to consumption 
taxation is that such a system postpones tax 
payments, thus reducing their present value 
at the start of the individual's economic life, 
and so effectively increases his lifetime re- 
Sources. 

In the second case, the results are dramati- 
cally different from those of earlier studies. 
In the case of the shift to a consumption tax, 
steady-state consumption rises by 0.2 per- 
cent, and the steady-state capital stock by 0.9 
percent. The final interest rate is 7.95 per- 
cent. Essentially, the effect of a consumption 
tax in reducing the lifetime present value of 
taxation (by postponing tax payments to later 
in life) very slightly outweighs the effect of 
the negative partial equilibrium interest elas- 
ticity. Of course, this “tax postponement 
effect” means that during the transition, some 
cohorts pay wage and capital income taxes 
early in life under the old regime, and con- 
sumption taxes late in life under the new 
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regime, and so suffer significant reductions 
in welfare. 

When capital income taxes are abolished 
by a shift to wage taxation, steady-state con- 
sumption falls by 3 percent, and the steady- 
state capital stock falls by 12 percent. The 
after-tax interest rate (4 percent in the steady 
state ex ante, and 8 percent immediately 
after elimination of the 50 percent tax on 
capital income) is 8.8 percent in the steady 
state ex post, as the preference structure and 
technology interact in such a way as to 
amplify the initial effect. 

Given these results, it seems unlikely that 
wage and consumption taxes could be com- 
bined to yield a Pareto superior result com- 
pared to the steady state, ex ante. It would 
appear from this second case, that the al- 
leged theoretical presumption” in favor of 
elimination of taxes on capital income as an 
appropriate way to stimulate capital forma- 
tion, and their replacement by wage or con- 
sumption taxes, does not necessarily extend 
to cases in which bequests generate a signifi- 
cant fraction of capital formation. In the 
case examined here, in which inheritances 
and bequests remained constant after the 
post-tax interest rate changed, the character 
of the results was dramatically different from 
the zero bequest case. How inheritances and 
bequests are likely to change after interest 
rate changes is something that economists 
know very little about at present, either theo- 
retically or empirically. If intergenerational 
transfers play the major role in capital accu- 
mulation,” then their response to (tax- 
induced) interest rate changes should be the 
key point of focus in analysis of tax policy 
and capital formation. 


V 


The life cycle model of household saving 
was shown to be consistent with values for 
the interest elasticity of saving ranging from 
close to zero on one hand, to very large on 
the other. When intergenerational transfers 
were introduced, negative interest elasticities 


?'This is proposed by Summers (19812) and Auer- 
bach and Kotlikoff (1981). 
23s argued by Kotlikoff and Summers (1981). 
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of saving became entirely plausible. At- 
tempts made in earlier studies to show that 
realistically formulated life cycle models nec- 
essarily generate large positive interest elas- 
ticities of saving were shown to derive from 
arbitrary choice of parameters, and conse- 
quently were not robust to small changes in 
assumptions. 

When the transition from one steady state 
to another was examined, it was found, as a 
predictable consequence of stock-flow inter- 
actions, that if the long-run saving rate and 
wealth-income ratio were to rise, the short- 
run saving rate would have to overshoot its 
long-run destination, and then decline. It 
was suggested that if the long-run interest 
elasticity of saving were as large as proposed 
in some studies (greater than 2.0), the neces- 
sary transitional fluctuations in the saving 
rate would be huge, perhaps beyond the 
bounds of historical experience. — . 

When general equilibrium behavior was 
examined, by addition of a production func- 
tion, it was found that elimination of the tax 
on income from capital; and its replacement 
by a wage or consumption tax, could have 
large, negligible, or perverse effects on capital 
formation, depending on the assumed pa- 
rameters, and the extent to which intergener- 
ational transfers were incorporated. Conse- 
quently, unambiguous conclusions could not 
be drawn. 

The major methodological implication is 
that simulation of theoretical models based 
on assumed parameters may be better suited 
for illustrative exercises, than in attempts to 
provide clear-cut theoretical results, for it is 
difficult to determine whether a particular 
result is in fact general, or is a consequence 
of the choice of parameters. Consequently, 
claims of generality should be treated with 
caution unless substantial sensitivity tests 
have been conducted. 
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Budget Constraint Prices as Preference Changing Parameters 
of Generalized Fechner-Thurstone Direct Utility Functions 


By R. L. BASMANN, D. J. MOLINA, AND D. J. SLoTTJE* 


Let V(X) be any direct utility function 
characterizing consumer preferences that are 
reflexive, transitive, and complete, and whose 
parameters are fixed relative to the usual 
linear budget constraint p- X — M. Here X 
designates the vector ( X,...,.X,) and is con- 
fined to the positive n-orthant; X, designates 
quantity of the ith commodity; p is the vec- 
tor ( p,,...,p,) of positive commodity prices; 
and M designates total expenditure. 

Let X( p, M) designate the system of de- 
mand functions derived from V( X) subject 
to pX — M, which possess the properties of 
zero degree homogeneity, symmetry, and 
semidefinite negativity. Let W(X; 0) desig- 
nate a direct utility function with (a) param- 
eter vector Ó dependent on the price vector p 
that appears in the budget constraint and (b) 
that rationalizes the same system of demand 
functions as V( X), namely, X( p, M). Proba- 
bly, many economists who have considered 
price-dependent preferences! would conjec- 
ture that every such price-dependent utility 
function W( X; p) satisfying (a) and (b) is of 
the rather restricted form 


Q) W(X; p)= F(p)V(X)* H(p), 


or of a form equivalent to (1) under a mono- 
tonic transformation (see Robert Pollak, 
1977, p. 71). The relation (1) implies that 
marginal rates of substitution are indepen- 
dent of the price-vector p at every point X of 


"Texas A&M University. Our research was sup- 
ported by National Science Foundation grant SOC-77- 
27068. We are indebted to R. C. Battalio, R. M. Har- 
stad, Dale W. Jorgenson, and Stephen White, and the 
unknown referees for helpful comments and criticisms. 
We bear sole responsibility for errors and omissions. 

'Paul Samuelson (1947, pp. 118-21) and others, no- 
tably Peter Kalman (1968), and Pollak (1977,1978) have 
studies some of the formal properties of individual 
consumers' direct utility functions when the parameters 
of the latter are dependent on the commodity prices 
appearing in the budget constraint. 
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the commodity space, so that the indif- 
ference maps of V( X) and W( X; p) coincide 
everywhere. 

In this paper, we provide a simple counter- 
example that rejects the above-mentioned 
conjecture. Since only one counterexample is 
required, we find it convenient to employ 
explicit closed form direct utility functions. 

Let U(X; @) be a direct utility function 
having the generalized Fechner-Thurstone 
form: 


(2) U(X;@)= TL x 


X;» 0, i=1,2,...,n. 


For the time being consider the special 
proper subclass of functions (2) for which 
the parameters 6, have the specified form 


(3) 0,— B;p?; B,20; 


n 
£ B:=1; o<1,o %0. 


i=] 


In this special case, the parameters f, and o 
are independent of prices p, and total ex- 


penditure M. Now consider the direct utility 
function 
n Ilo ç _¢@_)—1/o 
(4) V(X)= | 2: pese] , 
i=l 


defined on the same domain as (2), B; and c 
having the same magnitudes as in (3). 

When maximized subject to the usual lin- 
ear budget constraint, the utility functions 
(2), (3), and (4) yield identically the same 
system of demand equations, namely, 


(5) 
X,- Bp M/ Y, B, pt; i 1,2,...,n. 
k=1 
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The system (5) possesses the properties of 
zero homogeneity, symmetry, and semidefi- 
nite negativity (see Basmann, 1968, pp. 
159-63). 

Let R(?( X) designate the marginal rate of 
substitution of commodity k for commodity i 
as determined by the price-dependent direct 
utility function (2)- (3). Since 


(6) 
X,B; { p; V? ; 
ROUX -xe (s Pd k-1,2,..,n, 
Miss, XR» i 7 


the marginal rate of substitution of R(9 is in 
general dependent on the price ratio p, / p, at 
each point X in the domain. Consequently, 
U(X; @) cannot validly be related to the 
fixed preference direct utility function, V( X), 
defined by (4), by the formula (1). 

Under the conditions of any revealed pref- 
erence experiment, for example, such as 
R. C. Battalio et al. (1973), it is in principle 
impossible to distinguish between the alter- 
native direct utility functions (2), (3), and 
(4). This observational equivalence of fixed 
preference direct utility functions and price- 
dependent utility functions belonging to the 
generalized Fechner-Thurstone class (2) is by 
no means a mere curiosity that is limited to 
the special explicit fixed preference utility 
function (4). Let X*( p, M) designate a sys- 
tem of demand functions X7( p, M) (esti- 
mated from a comprehensive and faultlessly 
conducted revealed preference experiment) 
and possessing the properties of zero degree 
homogeneity, symmetry, and semidefinite 
negativity. Suppose there exists a fixed pref- 
erence direct utility function V*( X) which, 
when maximized subject to p- X = M, yields 
the system X*( p, M). Then the class of all 
generalized Fechner-Thurstone direct utility 
functions defined by (2) contains a definite 
member U( X; 0*) with price-dependent pa- 
rameter 9*, namely, 


n 
(7) U(X; 6*) = i AT. X 0, 
0* = p,X* (p, M). 


When (7) is maximized subject to p- X = M, 
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it yields the same system of demand func- 
tions X*( p, M) as the fixed preference util- 
ity function V*( X). It is easy to show that, 
in general, U( X; 0*) and V*( X) are not re- 
lated by an equation (1). 

Consequently, (7) and V*( X) are observa- 
tionally equivalent with respect to the em- 
pirical outcomes of any revealed preference 
experiment. Nonetheless, there are other ex- 
perimental conditions under which outcomes 
can distinguish empirically between (7) and 
V*( X). Consequently, they are empirically 
meaningful alternative hypotheses in Sam- 
uelson's sense (1947, p. 121). The empirical 
distinguishability is made clear with help of 
the special two-commodity case of (2), (3), 
and (4) specified by 


(8) B, 7 B, 70.5; o — 0.5. 


Given p = ( p, p?) and M°, a definite iso- 
quant (level curve) of 


(9) u(X; 0) = XPP: x95yp: 
and a definite isoquant of 


00  r(X)-(x'-2x,) ?, 
X,>0,i=1,2, 


are tangent to the budget line p? X? = M? at 
the same point, X°, but they do not coincide 
elsewhere. Suppose we want to test whether 
the consumer’s indifference map is given 
by the price-dependent utility function (9) 
against the alternative that the consumer’s 
indifference map is given by the fixed prefer- 
ence utility function (10). Battalio and R. M. 
Harstad have suggested (in private discus- 
sion with us) the following incentive-compat- 
ible experiment as the briefest illustration 
that makes our point adequately.* Let the 
market prices p°, pł? be fixed as well as total 
expenditure, M?. The consumer purchases 


? Obviously, this experiment is not intended to dis- 
tinguish between some utility function V(X) and the 
W(X; p) defined by (1). 


VOL. 73 NO. 3 


X$, X9. Keeping p, p?, M? fixed, the ex- 
perimenter offers to take the fixed amount 
` X? — X] of commodity 2 from the consumer 
in return for an amount of AX, — X} — X? 
7 0 to be determined in the following way. 
The experimenter draws at random a posi- 
tive number A X7 (say) from a suitable range 
of numbers written on slips of paper. The 
consumer is instructed to say how much, 
A Xt, additional commodity 1 he requires to 
be exactly as well-off as at X°. If A X? > A X7, 
then the consumer receives A X7, that is, he 
receives more than (he says) he requires; if 
AXt < AX, then by design of experiment, 
no trade takes place. Under these conditions, 
the consumer has an incentive to reveal where 
his actual indifference curve through X° in- 
tersects the ordinate X]. The experiment has 
to be repeated over a wide range of starting 
points. It may turn out after many replica- 
tions, of course, that the hypothesis (9) would 
be rejected in favor of (10), that is, in favor 
of the traditional hypothesis that the con- 
sumer's indifference map is independent of 
prices. 
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Stabilization Policy and Endogenous Wage Stickiness 


By JOHN McCCALLUM* 


Stanley Fischer (1977) and Martin Baily 
(1978) have developed cases for stabilization 
policy under rational expectations, but both 
are open to criticism for their assumptions 
regarding exogenous contracts of a kind 
“which seem to be in no one’s self-interest” 
(Robert Lucas, 1981, p. 564). As observed by 
Brian Kantor, “How the contractual ar- 
rangements would alter if the authorities at- 
tempted to make use of these apparent rigid- 
ities is also not indicated" (1979, p. 1437). 
The first purpose of this paper is to place the 
Fischer and Baily arguments in a context of 
endogenous wage stickiness and to demon- 
strate that the case for stabilization policy is 
strengthened, rather than weakened, when 
this is done. The second purpose, in response 
to Lucas, is to offer suggestions as to why 


wage contracts are often written in terms of . 


nominal variables. A more general theme 
that emerges from the discussion is that the 
stabilization function might best be treated 
as a joint venture between the private and 
public sectors, and that the optimal mix of 
public and private stabilizing "instruments" 
is likely to vary considerably across coun- 
tries. This analysis suggests that the potential 
gains from countercyclical policy are likely 
to be greater in the United States than in 
most other countries. 


I. Supply and Demand for Sticky Wages 


Private agents are assumed to choose the 
optimum degree of wage stickiness, balanc- 
ing the benefits against the costs. For the 
representative industry or firm, the degree of 
wage stickiness may be measured by the 
length of implicit or explicit wage contracts, 
and, for the moment, the discussion is limited 
to the case of unindexed contracts which 
allow firms to maximize profit subject to a 


*Universite du Qüebec a Montreal and Simon Fraser 
University. 
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predetermined money wage. The costs of 
long-term contracts take the form of rela- 
tively large deviations from market-clearing 
output in the event of unanticipated dis- 


-turbances.! Benefits may arise for several 


reasons, and for the purposes of this section 
it is.assumed, following Jo Anna Gray (1978), 
that there is a fixed cost in negotiating a 
contract, so that the benefit from longer 
contracts consists of a lower negotiating cost 
per period. - 

This situation is portrayed in Figure 1, 
where o is a measure of output instability (or 
the dispersion of output about its market- 
clearing level) and n is the length of the. wage 
contract. Units are defined such that each 
unit of instability represents a one dollar 
economic cost. Instability rises with contract 
length as long as forecasts of the near future 
tend to be more accurate than forecasts of 
the more distant future. Thus, the TC curves 
are upward sloping, and for simplicity they 
are drawn as straight lines. The positive 
vertical intercept reflects the Fischer-Gray 
assumption that money wages must be set at 
least one period before complete information 
becomes available. The curve TC, applies to 
the case of a fixed money supply rule, and 
the corresponding marginal cost curve MC, 


‘Robert Hall and David Lilien (1979) show that 
standard wage contracts may be efficient in the sense 
that the predetermined relation between remuneration 
and labor input corresponds to the slope of the labor 
supply curve. However, such arrangements do not affect 
the instability arising from aggregate disturbances, since 
“Within the framework of employment-contingent 
bargains, there is no way to provide employers with a 
separate incentive to stabilize employment in the face of 
an economy-wide reduction in demand” (p. 877). 
Robert Barro (1977) considers an arrangement where 
the wage is fixed by contract but employment is main- 
tained at its market-clearing level with the help of 
appropriate “side payments” between workers and firms, 
As argued by Fischer (1977b), this kind of contract 
appears not to exist, perhaps for reasons relating to 
moral hazard, bargaining costs, monitoring costs, and 
the costs of specifying future contingencies. 
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FIGURE 1 


is drawn in the lower half of the diagram. 
The marginal benefit curve ( MB) in the dia- 
gram reflects the assumption that the negoti- 
ating cost per period declines as contract 
length rises. (If C is the fixed negotiating 
cost, then the cost per period is C/n and MB 
is equal to C/n*.) In the initial position, 
under a constant money supply rule, the 
optimum point is at A. 

Fischer showed that when the contract 
length exceeds the reaction time of the mone- 
tary authorities, there is a role for stabiliza- 
tion policy because the authorities are able to 
take account of information that was not 
available when some contracts were signed. 
The effect of the policy is to remove or 
reduce the persistent component of aggregate 
disturbances, and for this reason, as Baily 
has shown formally, the accelerator mecha- 
nism is dampened. In terms of the diagram, 
both the Fischer and Baily effects lead to a 
lower value of o corresponding to any given 
contract length n. The result is a downward 


shift in both the intercept and the slope of . 


the TC curve, and hence a downward shift in 
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the MC curve as well? However, because of 
local disturbances, the marginal cost of in- 
creasing the length of contracts remains posi- 
tive. Although both Fischer and Baily as- 
sume a fixed contract length, it can be seen 
from Figure ] that the effect of the policy 
change is to increase the optimal contract 
length from n, to n,. As a part of the stabi- 
lizing function is shifted from the money 
wage to the money supply, the private sector 
enjoys part of the welfare gain in the form of 
increased output stability (an income effect), 
and part of it in the form of gains arising 
from longer contracts or career labor markets 
(a substitution effect). In terms of Figure 1, 
the income effect is given by DE and the 
substitution effect by ABC. 

It appears that the postwar experience of 
the United States is at least consistent with 
these predictions. In the late 1950's, there 
was a rather sudden shift to wage contracts 
subject to predetermined annual wage in- 
creases, with such contracts making up less 
than 20 percent of all major agreements in 
1954 and about 70 percent in 1958 (Joseph 
Garbarino, 1962, pp. 77—78). It is possible 
that ex ante perceptions of stabilization 
policy were a factor in this shift, whether or 
not this early optimism was borne out by 
later events? Also, it is well known that 


2More formally, the TC curve resulting from a 
Fischer-Gray model takes a form such as 


c- B m,(8 42) e, * mo] f(n), 


where c is the variance of output about its market- 
clearing level, B is a constant, o, and o; are the vari- 
ances of aggregate and local disturbance terms, m, and 
m, are related to aggregate and local “multipliers” 
reflecting the impact of the corresponding disturbance 
on actual-minus-equilibrium output, À is a constant, and 
B measures the extent of feedback in the monetary rule 
(B — 0 implies a constant money supply rule). Finally, 
f(n) is a function of contract length such that f/(1) = 0 
and f’> 0. The constant term B reflects the one-period 
lag in information and is equal to m,X'o, + moz. The 
Fischer effect results from setting 8 = — A, while the 
Baily effect takes the form of an induced reduction in 


"m 4. 

According to Garbarino: “By 1955, the American 
economy had experienced ten years of fairly high level 
postwar prosperity and had weathered two minor reces- 
sions. The basis for concluding that a new economic era 
based on government's long term commitment to stabil- 
ity and on industry's rationalized long range planning 
was at hand" (p. 80). 
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output has been much more stable in the 
postwar period than in the earlier decades of 
the twentieth century (Alan Blinder, 1979, p. 
213). In the light of the Lucas critique, direct 
tests of the effects of stabilization policy 
based on econometric simulations seem to be 
of limited value, but it can at least be said 
that the observed increase in the quantity of 
wage stickiness and the observed reduction 
in its *price" are consistent with the present 
analysis. 


Il. Behind the Supply and Demand Curves 


These models... leave some scope for 
effective, activist monetary policy due 
to the fact that people are locked into a 
nominally fixed arrangement. None of 
these models offers an explanation as 
to why people should choose to bind 
themselves to contracts which seem to 
be in no one’s self-interest. 

[Lucas, p. 564] 


There are two aspects to this statement. First, 
why do people lock themselves into arrange- 
ments? Second, why are these arrangements 
nominally fixed? In terms of the supply and 
demand curves of Figure 1, the first question 
relates to the demand for wage contracts, 
and the second asks why wage contracts are 
not indexed in such a way as to replicate the 
effects of the optimum monetary rule. If 
such indexing formulas were in universal use, 
then there would be no aggregate instability 
costs arising from long contracts, and hence 
no gains from stabilization policy. One could 
take the position that these points are irrele- 
vant to the case for activist policy developed 
above. People do lock themselves into nomi- 
nally fixed arrangements, and they do pay a 
price for such arrangements. By their behav- 
ior, people reveal the existence of benefits, 
and this is sufficient to make the case for 
policy activism, whether or not the nature 
of these benefits is well understood by 
economists. Despite this possible argument, 
the purpose of this section is to offer a more 
illuminating response to the points raised by 
Lucas. 

There are several reasons why people may 
choose to lock themselves into arrangements. 
Considerations relating to bargaining costs, 
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specific human capital, and the dangers of 
hold-up costs and opportunistic behavior call 
for rules or contracts that are infrequently 
changed but not necessarily nominally fixed 
(Benjamin Klein et al., 1978; Oliver William- 
son et al, 1975). Employee risk aversion 
would imply a desire to avoid frequent 
changes in the terms of the “insurance 
policy" offered by the firm, but here there 
would be a preference for real wage stability 
rather than nominal wage stability. Layoffs 
and stable wages may be preferred to wage 
flexibility because of effects of wage cuts on 
employee morale or effort (Robert Solow, 
1979), because “the best workers would quit" 
if wages were cut (Andrew Weiss, 1980), or 
because wage flexibility may impose moni- 
toring cuts on workers (John Chant, 1981). 
However, none of these arguments would 
seem to rule out indexing formulas based on 
aggregate indicators such as the Consumer 
Price Index. Even a Keynesian concern with 
relative wages would be fully met if all mon- 
ey wages were indexed to the same variable, 
or if the wages paid by a particular firm were 
indexed to the general level of money wages. 
In the light of these considerations it will be 
assumed that people avoid recontracting or 
frequent changes in wage-setting rules, but, 
up to this point, no argument has been ad- 
vanced in favor of nominal wage rigidities or 
against the use of indexing. 

Real world indexing formulas typically in- 
dex midcontract wages wholly or partially to 
the Consumer Price Index. Such formulas 
operate with a lag, if only because of the 
delay in the publication of official statistics, 
and in practice, except under conditions of 
hyperinflation, the lag is unlikely to be less 
than two or three months. There are at least 
three reasons why these formulas are a less 
efficient stabilizer than a Fischer-type mone- 
tary rule, which concern the degree of index- 
ing, the universality of indexing, and the fact 
that indexing is lagged. It is well known that 
less than complete indexing is desirable in a 
world that is subject to both demand shocks 
and supply shocks. The choice of the degree 
of indexing presumably reflects an assess- 
ment as to the probable relative importance 
of the two kinds of shocks over the life of 
the contract, where that assessment must be 
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rade at the time the contract is signed (Gray, 
1976). Such assessments, however, will often 
be wrong: even if there is a constant money 
supply rule, there may be unpredictable shifts 
in the demand for money, and it is certainly 
difficult to predict supply shocks such as 
changes in oil prices, crop failures, and 
changes in productivity growth. By contrast, 
the monetary authority has an informational 
advantage because it is not obliged to make 
such long range predictions. 

Second, even if there are no supply shocks, 
full indexing will not necessarily be desirable 
unless all other contracts are also fully index- 
ed. A firm selling at a nominally fixed price 
will not wish to pay full indexed wages, while 
a firm purchasing inputs at a nominally fixed 
price will not wish to fully index the price of 
its product (Robert Gordon, 1982). Workers, 
too, may oppose indexing of their wages if 
the Consumer Price Index does not provide a 
good measure of their cost of living, if the 
tax system is unindexed, or if they are con- 
cerned about their wages relative to those of 
another group that is not subject to indexa- 
tion. These considerations suggest that in- 
dexing may develop gradually and spread 
only partially, particularly if there are major 
costs or institutional barriers to indexation in 
some sectors of the economy. Examples of 
such sectors might include imported inputs 
(Rudiger Dornbusch, 1982), financial instru- 
ments, and the tax system. Third, even under 
universal indexing without supply shocks, the 
lag in real world indexing rules makes them 
inferior to a monetary rule. Because of this 
lag, adjustment to shocks under an indexing 
rule is analogous to the textbook case of 
adjustment under adaptive expectations. By 
contrast, under the monetary rule, money 
and output adjust in finite time rather than 
asymptotically to disturbances, implying a 
shorter period of disequilibrium and hence a 
more stable economy. 

The indexing rule equivalent to the mone- 
tary rule must be “anticipatory” rather than 
“adaptive” with respect to the price level, it 
must be universally applied, and it must 
incorporate the latest information on the 
probable real-nominal mix of future shocks. 
Given a complete model of the economy, it is 
possible to develop an expression for such a 
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rule in terms of observable variables, but the 
rule would be extremely complicated, as it 
would in general be a function of many 
variables and depend on all the parameters 
of the system. Even assuming that such a 
complicated rule could be universally ap- 
plied, it would still in all likelihood be infe- 
rior to the corresponding monetary rule. This 
is because the indexing formula, unlike the 
monetary rule, would have to be based on 
the structure of the economy n periods in 
advance of the current period. Unpredictable 
structural changes such as changes in finan- 
cial institutions or energy prices may alter 
parameter values, while information regard- 
ing the probable degree of persistence of a 


- particular shock is likely to be available only 


at or near the time of the shock. Indexing 
could be truly equivalent to stabilization 
policy only if the universally applied index- 
ing rule was itself subject to continuous revi- 
sion, but this would be tantamount to 
abandoning contracts altogether. 

This last point indicates why, even under 
the most favorable conditions, preset index- 
ing rules could not be a perfect substitute for 
the corresponding monetary rule. More im- 
portant from a practical point of view are the 
first two points relating to nonuniversality 
and supply shocks. It is these two factors 
which would seem to account for the very 
partial degree of indexing in the United 
States, and to explain why, for lack of a 
better alternative, people choose to lock 
themselves into nominally fixed arrange- 
ments. It should be noted, however, that this 
conclusion does not apply to all countries. 
Some countries have achieved high degrees 
of universality and standardization through 
the use of centrally determined indexing 
rules, and, in some cases, governments or 
their agencies have been able to suspend the 
standard indexing rule in the light of special 
circumstances. In Holland, for example, the 
government suspended indexation during 
both of the two oil price shocks of the 1970’s 
while in Australia, until very recently, a 
central agency set the degree of indexing that 
would apply across the country on a quarterly 
or semiannual basis. In these cases, indexa- 
tion may exert a more powerful stabilizing 
influence than it does in the United ‘States, 
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but it is clear that such systems involve a 
greater degree of government intervention 
than would be required to operate a coun- 
tercyclical monetary or fiscal policy. 


III. Public and Private Stabilization 


...[T]he key assumption of Keynesian 
analysis is the inefficiency of some 
aspects of private sector activity in 
comparison to corresponding activities 
carried out by the government. 

[Barro, 1979, p. 54] 


To suppose that a flexible wage policy 
is a right and proper adjunct of a sys- 
tem which on the whole is one of lais- 
sez-faire, is the opposite of the truth. It 
is only in a highly authoritarian society, 
where sudden, substantial, all-round 
changes could be decreed that a flexi- 
ble wage-policy could function with 
Success. 

[John Maynard Keynes, 1936, p. 269] 


At one level, the response to Barro's state- 
ment is to be found in The General Theory, 
ch. 19. It is possible to offset aggregate dis- 
turbances with changes in the aggregate level 
of money wages, and in this case the “corre- 
sponding activity carried out by the govern- 
ment" is to offset the disturbances with 
changes in the quantity of money. If money 
wage flexibility is more costly or more dif- 
ficult than money supply flexibility, then, 
indeed, this aspect of private sector behavior 
is inefficient in comparison with the alterna- 
tive provided by the government. Also, as 
Peter Howitt (1981) points out, it may be 
costly for the private sector to use or process 
macroeconomic information even if that in- 
formation is provided free of charge by the 
government. 

More generally, however, the approach of 
this paper suggests that the stabilizing func- 
tion might better be treated as a joint ven- 
ture between the public séctor and the private 
sector rather than as the exclusive domain of 
either sector alone. A countercyclical policy 
cannot be a perfect substitute for wage flexi- 
bility, if only because stabilization policy is 
unable to offset local disturbances; but such 
a policy may nevertheless contribute to sta- 
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bility and reduce the degree to which the 
burden of stabilization is borne by the mon- 
ey wage. Private indexing may also contrib- 
ute to stability under certain conditions, but 
it has been shown that private indexing may 
be a more effective stabilizer if it is com- 
bined with a degree of central direction or 
coordination. A key assumption implicit in 
this joint venture approach is that the 
government and the market are aiming at the 
same target; that is, the market-clearing level 
of output. This will not be the case if policy 
is subject to a political business cycle and/or 
the market is afflicted by real wage resis- 
tance; but the issue addressed in the recent 
theoretical literature has been whether or not 
there is a potential role for stabilization 
policy, under competitive conditions, and not 
whether policy as actually conducted has 
been successful. 

The optimum mix of private and public 
stabilizing instruments is likely to vary across 
countries for several reasons, including dif- 
ferences in historical conditions and dif- 
ferences in the extent of industrial conflict. 
On grounds of containing industrial conflict 
or reducing the costs of strikes, it may be 
desirable to have long wage contracts in the 
United States (Gordon) and 100 percent 
indexing in Australia (Noel Gaston, 1981; 
Anne Romanis Braun, 1976), whereas from a 
narrowly defined stabilization point of view, 
short contracts and partial indexing are likely 
to be preferred. Synchronized or centralized 
wage bargaining may contribute to stability 
in countries with a corporatist tradition where 
unions regard themselves as social part- 
ners, but such a system may be destabilizing 
in countries lacking these conditions. The 
United States, with its decentralized, noncor- 
poratist traditions and with its relatively high 


“It could be argued that because of the political 
business cycle, it is not in the interest of policymakers to 
aim to stabilize the economy at its market-clearing level 
of output. Assar Lindbeck, for example, speaks of sta- 
bilization policy when politicians are endogenous. If the 
costs arising from such political factors outweigh the 
benefits described in this paper, then a case could be 
made for abandoning stabilization policy altogether. A 
better, if more difficult, solution may be to devise rules 
or institutions designed to smooth out both the political 
business cycle and the regular business cycle. 
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level of industrial conflict, would seem to 
lack the conditions favoring both short con- 
tracts and centralized wage bargaining or 
indexing schemes. Therefore, because it has 
relatively few stabilizing instruments at its 
disposal, the United States may have more to 
gain from countercyclical policy than most 
other countries. 
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Liquidity Preference as Behavior Toward Risk is a Demand 
for Short-Term Securities—Not Money 


By WINSTON W. CHANG, DANIEL HAMBERG, AND JUNICHI HIRATA* 


In 1958, James Tobin generalized the 


Keynesian theory of liquidity preference by 
means of his famous portfolio model in which 
the demand for money (narrowly defined) is 
treated as “behavior towards [interest] risk." 
Whatever merit this theory may have had 
then has long since been questionable. The 
reason is the existence of a large set of 
substitutes for money, typically short-term 
money market instruments, which can be 
regarded as riskless, or virtually so, and which 
pay substantial interest. The availability of 
these instruments would appear to make 
Tobin's theory that money is held to cope 
with interest risk resemble a scenario without 
a recognizable cast of actors. 

` In the literature on monetary theory, other 
authors have also expressed misgivings about 
the Tobin theory by noting that savings and 
(nontransferable) time deposits have the same 
risk properties as money but pay interest 
(see, for example, Robert Barro and Stanley 
Fischer, 1976). Although correct, the allusion 
to these deposits is simplistic. It is true that 
while both types mimic money's freedom 
from interest risk in the conventional sense 
of capital loss, time deposits are still exposed 
to a kind of interest risk, because they can be 
liquidated before maturity only with interest 
penalty. More important, business firms are 
either denied access to savings deposits or, as 
in the United States, can hold a maximum of 
$150,000 (per account) at commercial banks, 
thereby effectively eliminating large firms 
as holders. Furthermore, although business 
firms can own most time deposits, they typi- 
cally do not (except for negotiable CDs, a 
money market instrument); they are loath to 
tie up funds in long-term maturities, and 
they can usually obtain the same or higher 


*Chang and Hamberg: professors of economics, State 
University of New York- Buffalo; Hirata: assistant pro- 
fessor of economics, Technological University of Naga- 
oka, Japan. 


yields on other types of short-term debt in- 
struments that are also negotiable. In the 
United States, households have long ac- 
counted for about one-third of demand de- 
posits, business firms owning most of the 
rest. Therefore any effort to rest a case against 
the Tobin theory of money demand on the 
existence of savings and time deposits gets at 
only a small part of the problem. This stric- 
ture extends to so-called NOW and ATS 
accounts. These interest-bearing demand de- 
posits (disguised under other names) are also 
denied to business firms. For them, the 
short-term instruments of the money market 


.are the principal alternative to money in 


asset portfolios. 
I. Money Market Instruments 


These instruments have received limited 
attention in the money literature. Therefore, 
we must describe their various characteristics 
that highlight their closeness to money with 
respect to freedom from interest risk. 

. Some of the money market instruments 
are literally riskless. Repurchase agreements 
(RPs) between banks (as well as securities 
dealers and large savings and loan associa- 
tions) and nonbank investors are a notable 
example. They are devoid of interest risk 
because the borrower must repurchase the 
securities involved in the loan at their origi- 
nal price plus interest. Moreover, over half of 
the approximately $169 billion of RPs re- 


: cently outstanding in the United States were 
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either overnight in term or callable at any 
time.! Even when maturity dates are fixed, 
beyond one day, investors unexpectedly 
needing cash can form reverse RPs with the 


T These and other numbers on money market instru- 
ments are based on data in the Federal Reserve Bulletin, 
July 1982, Tables 1.24, 1.29, 1.32, 1.42, 1.44, and 3.14; 
and Federal Reserve Bank of St. Louis, Monetary Trends, 


June 24, 1982, p. 6. 
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collateral they have taken in, thereby avoid- 
ing liquidation risk. 

Equally liquid are federal-funds loans to 
commercial banks by other financial institu- 
tions; these are mostly overnight loans with 
specified interest rates. 

Other money market instruments, such as 
Treasury bills, CDs, and bankers’ accep- 
tances, do possess positive, if limited, interest 
risk when sold before maturity.? However, 
these instruments have highly developed sec- 
ondary markets in which they can be 
purchased with as short maturities as inves- 
tors desire and thus are virtually riskless. 
Also, since 1975, markets for interest rate 
futures contracts have been developed that 
permit investors to hedge against (or manage) 
interest risk on Treasury bills. Other instru- 
ments, such as commercial paper, have 
limited secondary markets, but their matur- 
ity dates are (like those on RPs and CDs) 
fixed to coincide with tax and dividend, 
payroll, and any other cash-need, dates of 
investors. Moreover, most issuers of commer- 
cial paper will normally redeem this paper 
before maturity from hard-pressed investors. 
And interest rate futures also exist for com- 


?Money market instruments are of two types: inter- 
est-bearing instruments or securities and discount paper. 
The former are exemplified by large (negotiable) 
certificates of deposit (CDs), RPs, and municipal notes; 
all pay interest at maturity. Discount paper consists of 
Treasury bills, commercial paper, and bankers' accep- 
tances. None bears interest; instead, interest is earned 
on them because they are issued at a discount from face 
value. For such instruments with a current maturity of 
six months or less, so that there is no compounding, the 
equivalent bond yield r is given by the formula r= 
(365/m)[(F — P)/P], where m is the number of days to 
maturity, F the face value, and P the market price. 
Solving this equation for P gives P = F/[14 (rm /365)], 
which can also be used for interest-bearing instruments. 
The elasticity e of P with respect to r, which we can take 
as a measure of liquidity, is e= — 1/[1-- (365/rm)]. 
From this it can be seen that e —^ 0 as m 0. Apart 
from overnight RPs, the current maturities of most 
money market instruments lie within a range of 1 to 91 
days. At interest rates of 15 and 10 percent, for exam- 
ple, for maturities of 91 days, e— —3.6 percent and 
— 24 percent, respectively; for maturities of 7 days, and 
the same interest rates, e — —0.3 percent and —0.2 
percent, respectively. These figures for e illustrate the 
meaning of "limited" interest risk. By: comparison, a 
consol has the highest price elasticity of all: — 100 
percent. 
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mercial paper. The total of all money market 
instruments extant in the United States 
borders on $1 trillion. 

Mention should be made, too, of accounts 
in money market (mutual) funds. The assets 
of these funds consist entirely of the whole 
array of money market instruments, except 
for a tiny amount of demand deposits. If 
anything, the accounts in these funds are 
even more liquid than the instruments them- 
selves, because checks may be written upon 
them. These funds aggregate to some $200 
billion. They appeal not only to households, 
but to small business firms and small institu- 
tional investors generally; all are too small to 
justify the cost of a money market specialist 
to manage their portfolios. 

As noted, the existence in large magni- 
tudes of such a rich assortment of liquid, 
money market instruments that investors can 
deploy to: suit their various needs, with all 
devoid of interest risk or nearly so and all 
paying abundant interest, suggests the ex- 
treme dubiety of a theory that purports to 
explain money demand as a response to in- 
terest risk. This skepticism is buttressed by 
the frantic pace of development of cash- 
management techniques used by business 
firms (see Richard Porter, Thomas Simpson, 
and Eileen Mauskopf, 1979). In general, these 
techniques are designed to reduce perceived 
variance of cash flows and thus enable inves- 
tors to reduce their cash holdings and in- 
crease the amounts available for investment 
in money market instruments. 


Il. A Three-Asset Model 


Doubt and skepticism are not enough. 
They should be supported by argument at 
least, as rigorous as that of the original 
(Tobin) argument. To this end, we take up 
the “risk” demand for money in a three-asset 
model that contains money, a virtually risk- 
less asset (representing the foregoing spec- 
trum of money market instruments), and a 
risky asset. The model is essentially an exten- 
sion of Tobin's (1958) two-asset (money-con- 
sol) formulation. Our purpose is to show that 
if money market instruments are explicitly 
incorporated in a portfolio model, the de- 
mand for money as a buffer against interest 
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risk vanishes. A model with at least three 
assets of the types described must be for- 
mulated, because some of the (nonmonetary) 
assets do possess significant interest risk, even 
while others have little or none, but both 
types are relevant to the portfolio decision. 

Utilizing Tobin's formulation signifies the 
application of Harry Markowitz's (1952) 
mean-variance model to the analysis of mon- 
ey demand. Although this model is widely 
accepted; it has some limitations. Indif- 
ference curves between mean and variance 
can be drawn only if an investor's prefer- 
ences can be expressed by a quadratic utility 
function, or the probability distributions of 
returns on portfolios are normal (see, for 
example, Tobin, 1969). In view of strong 
criticism of the quadratic utility function in 
the present context (for example, Kenneth 
Arrow, 1970), we have adopted the normal 
distribution in our analysis.? 

Our three-asset model is set up in the 
framework of a nonlinear program. This pro- 
cedure is dictated by our interest in the 
conditions and properties of a corner solu- 
tion marked by zero money holdings. In the 
absence of the quadratic utility function, re- 
sults will be derived without explicit specifi- 
cation of a utility function. Then asset- 
demand functions will be obtained for two 
(of seven possible) solutions: the corner case 
just referred to and the interior solution. By 
way of a specific example, demand equations 
will be derived for the class of utility func- 
tions corresponding to constant absolute risk 
aversion. This will be followed by a sketch of 
same for a quadratic utility function. 


A. Assumptions 


As remarked, our model basically extends 
that of Tobin’s (1958) by introducing a third, 
virtually riskless, asset. For convenience, we 
label our three assets money (narrowly dé- 
fined), a short-term asset, and a long-term 
one. Investor behavior is the outcome of an 


3There is empirical support for the assumption of 
normality in the distribution of portfolio returns. See 
Eugene Fama (1976, pp. 43-44). 
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expected utility maximization for the choice 
of assets. 

The interest rate for each asset r, (i = 1,2,3) 
is assumed to have the following properties: 
r,=0, r,20, and r,>0.4 Denoting the 
capital gain or loss of each asset by the 
random variables g; (i=1,2,3), we assume 
that money: has no capital gain or loss, that 
is, g, — 0. The investor's estimated distribu- 
tion function for capital gains or losses has a 
joint normal distribution; the means of the g; 
are zero, the variances of g, and g, are v 
and v}, and their covariance is c= pojv3, 
where p is the correlation coefficient between 
g, and g}. It is assumed that —1« p <1. 
Thus the measure of return on each asset is 
the expected value of its interest rate, and 
the measure of asset. risk is the variance of 
capital gain or loss. The short-term asset is 
assumed less risky than the long-term one, 
that is, v, < v3. Since g, = 0, so does v,. 

Following Tobin (1958), we assume the 
share of each asset A; to be nonnegative and 
independent of initial wealth. The wealth 
constraint implies that these shares add to 
one. ' 

The return R from a portfolio is 


R — Aj(r, + 8) + 43 (75 + 83) 


where R has a normal distribution with mean 
p and variance v. 

Now, in the aforementioned framework of 
a nonlinear programming model, we can 
specify the maximization problem as? 


(1) Max E[f(R)] = MaxU(n, v), 


4Setting r; = 0 is done only for convenience and does 
not affect the substantive conclusions. All that is required 
is that r, be the lowest of the three interest rates. 

5Note that the equality in our objective function need 
not hold. However, John Chipman (1973) has derived 
the necessary and sufficient conditions on the utility 
function to guarantee this equality when the distribution 
of returns is normal. Hence we shall proceed as if these 
conditions are satisfied. The utility function char- 
acterized by constant absolute risk aversion, employed 
below to solve the problem explicitly, satisfies the condi- 
tions for equality. 
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subject to 

(6) v=0(R)= E[R - ELA] 

(4) A,+A,+4,;=1, 4;z0(i-1,2,3). 
Finally, the utility function f(R) is as- 

sumed to have a positive first-order deriva- 

tive and negative second-order derivative. 

The investor is thus a risk averter. This as- 

sumption implies that the utility function 

U(p, v) has the properties that U, = 0U/du 

> 0 and U, = dU/dv « 0, and it is concave 


in p for each v. It is further assumed that 
U, +- 


B. General Solution and its Properties 
In this section, we solve the maximization 
problem formulated from (1). We begin by 
deriving, first, the Kuhn-Tucker conditions 
based on a general utility function. 
The Lagrangean function (L) is 
L —- U(A;r, + A;r}, A30; 245 Asc + A203) 
t A(1— A, — A5 — A4). 
The Kuhn-Tucker conditions are 


(5) 9L/04,--A&0 


(6) 9L/84,—U,(3u/24;) 
*U,(0v/8A,)-^ x0 
(7) 9L/04, - U,(9n/845) 


-U,(9v/84,)-Ax0 

(8) (9L/9A,)A, *- (8L/8A,)A; 
-(8L/84,) A, - 0 
(9) @L/a=1- A,— A; — A, — 0, 


4,2 0 (i=1,2,3) 
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(10) àn/84,—r,, 0p/0A; =r 

0v/0A, = 2( A49, + Ac). 
Conditions (5) and (8), plus the nonnegativ- 
ity of the A, imply that (@L/0A,)A,= 
— A A, 7 0. Therefore, we have the condition 
(O: 
(C) If A > 0, then A, = 0; 


if A, 7 0, thenÀ — 0. 


Accordingly, we have the following propo- 
sition: 


PROPOSITION 1: If 0,70, 0, ^ 0, and P 
>r, 0, then A, — 0. 


PROOF: 
Conditions (6), (10), and (1 ) imply that 
AzUr, t*2U,A;0, + Asc) > 0,° since n > 


0, “and 0, 0 implies c — 0. Therefore, by 
condition (C), A, = 0. 


The above proposition is valid for the 
general utility function. One can alterna- 
tively prove this point by arguing that if the 
investor switches out of A,, he is always 
better off in this case. Setting v, = 0, we have 
U(p, v) = U( A,r, + Arz, A303). Letting dA, 
= — dA, < 0 (that is, switching out of A, into 
A, while keeping A, constant), we obtain 
dU =U,r,dA,>0. Thus A, dominates A), 
and the investor will never hold money as a 
response to interest risk in this case. 


$By means of the proof here, Proposition 1 can be 
generalized to the case where v, does not approach zero. 
Following the convention used in the finance literature, 
we define £, = (A202 + A3c)/v, which is the risk of the 
short-term asset in the portfolio relative to the risk of 
the portfolio (see, for example, Fama, p. 60). The condi- 
e U,r; * 2U, (A50; + Asc) > 0 can be written as $, < 

—-U,/U,Xn /2v), which is a sufficient condition for 

the domination of money by the short-term asset. Note 
ie if v; — 0, then £, > 0. 
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The above proposition can be illustrated 
by the use of the efficiency frontier in the 
(u, v) space. Solving for A, from (2) and (4) 
in terms of A, and p, substituting the solu- 
tion into (3), and setting o, =0, we obtain 
the family of opportunity loci by treating 4, 
as a parameter: 


v= F(p, Ai) 
- vu =7 A) /(s = n). 


Without loss of generality, we assume r, > r}. 
It can be shown that each opportunity locus 
in the (u,v) space is upward sloping and 
convex downward. Moreover, at constant p, 
an increase in A, increases v. A typical op- 
portunity locus for 4, = A, is drawn in Fig- 
ure l as the Z,Zj curve. When 4; > 0, the 
curve shifts to ZoZo, and when 4,1, it 
shrinks to the origin. At Z,, A,;=0 and 
A,—1— Ay; at Zi, A; — 0 and A,=1- A. 
Thus by moving from Z, to Zi, A, is con- 
tinuously substituted for A,. The ZoZo locus 
is the efficiency frontier. At Z,, wealth is 
held only in asset 2 while at Z,, only in as- 
set 3. 

The optimal choice is determined by maxi- 
mizing U(p,v), subject to the efficiency 
frontier Z)Zj. An optimal solution point is 
illustrated at W where the indifference curve 
Unax is tangent to the efficiency frontier. The 
solution for 4, at W i is (v*/v;)°° and that 
for A, is 1—(v*/o, ys 

If the investor is strongly risk averse, the 
optimal choice can conceivably be at Zo, so 
that wealth is held only in the virtually risk- 
less asset. This is more likely to be the case 
as the difference between r}, and r, narrows. 
In the case where r, >r, the ZZ’ curves 
become negatively sloped, and the efficiency 
frontier reduces to a point on the p axis. 
Therefore, the virtually riskless asset will al- 
ways dominate the risky one. 

We conclude that in the presence of a 
virtually riskless asset with a positive rate of 
return, the efficiency frontier can be gener- 
ated only by a set of portfolios with zero 
money holdings. Liquidity preference as be- 
havior toward risk is thus not a demand for 
money. 

Some further characteristics of the optimal 
solution are noteworthy. Substituting (5)-(7) 
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into (8), and using (2)-(4), we have 
(12) 


From equation (6) and condition (C) it is 
evident that if U,(du/0A,)+U, (00/845) 
7 0 (implying that À > 0), then A, = 0; simi- 
larly, from (7) and (C) it follows that if 
U,(0p/0A,) + U,(00/84,) > 0 (implying 
that À > 0), then again A, = 0. Together, these 
characteristics yield a set of sufficient condi- 
tions for an investor to shun 4;, as well as a 
necessary condition for holding it: 


A—U,p +20. 


PROPOSITION 2: If 

(i) U,/U,> — (9 /04,)/(00/8A;), 
or (ii) U,/U, > —(8»/8A3)/(80/ 03), 
or (iti) U,/U, > —(yu/2v), then A, = 0; 
if A > 0, then U,/U, = —(u/20). 


Condition (i) means that a switch from 4, 
into A, increases the investor's utility; hence 
A, dominates A,; condition (ii) can be inter- 
preted similarly; and condition (ii) means 
the opportunity cost of holding 4, is posi- 
tive, implying that A, should not be held. 

If an investor holds all three assets, we 
have 


PROPOSITION 3: If A, > 0, A, > 0, and A, 
> 0, then 

——p/20 

— —(0n/984;)/(0v/84;) 

= —(9n/84,)/(8v/84;). 


U,/U, 
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These conditions can be interpreted as 
meaning that the marginal rate of substitu- 
tion along a given indifference curve at the 
optimum point [U,/U, = —(du/dv)|y.. v-] 
must be equal to the marginal tradeoff be- 
tween return and risk of the second and third 
assets, and must also be equal to the negative 
one-half of the overall return-to-risk ratio. 
Alternatively, the conditions imply that, on 
the margin, if the investor holds all three 
assets, their marginal utilities (0U/0A,, i= 
1,2,3) must be the same and equal to zero. 


C. Demand Equations 


In this section, we derive the demand 
equations associated with the two cases just 
considered. 

Case 1: A, > 0, A, > 0, A,» 0. From the 
sign restrictions in equations (5)-(7), to- 
gether with the nonnegativity of the A,, it 
follows (in (8)) that this case requires that 
9L/8A,((— A) —0L/8A, = LJ ðA, = 0. 
Thus we have U, (0p. /0.A,) *- U, ,(00/8A,) 7 
0 and U (9p / 04, )- U (20/04, )=0, or 
equivalently: 


o» — mej-- ams] 


where - 





the variance-covariance matrix. The solution 
to (13) is 


A, U, 037, — cr, 
o EEEN 


where |H|= 0,0, — c? = =(1 — p*)v,v,>0. In 


turn, 

(15) 4 -1- 4, - 4, «1- (U,/2HIU,) 
x [(c — 03) +(e- 9;)]. 

Case 2: PIC Tm 


only equations (6) and (7) are satisfied with 
strict equality. By eliminating À from them, 
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we obtain 


(16) (v,—c)4; *(c- 


= — (U,/2U,)(r, — r) 


03) 45 


This, together with A, + A, — 1, yields 


[4, 1 


—(U,/2U,)(r, —1,)—(e-2;) 
(U,/2U,)(% - n)t(v,— °) 





where v; — 2e + 0, = (v? — 03 + 2vjvj 
(1— p)» 0. 

Let us now utilize these results to derive 
the demand equations for the utility function 
corresponding to constant absolute risk aver- 
sion, first set forth by Arrow (1970) and 
John Pratt (1964). In addition to satisfying 
the Chipman conditions noted in footnote 5, 
this class of utility functions also satisfies the 
requirements imposed by Arrow for a utility 
function appropriate to economic behavior 
under uncertainty. The function is of the 
form {(R)=—exp(—kR), k»0,f'(R)» 
0, /"( R) < 0, whence 


(18) U(np,v)— — exp(— k(n — kv/2)). 
In this case, we have 


(19) U,/U, = —2/k. 


Thus (14) and (15) become . 


A A, 1 947, — Ch | 
59 E k|H| Bros ] 


(5) A,-1-(/K|H]) - 


x[(v 7 c) * (v; — c)r,] » 0. 
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In its turn, (17) becomes 


a [4 1 
a bi /95—2ct 5, 


«| (/k)(n 7 )-(c- 05) 
- (/k)(n ^ )- (c7 v) i 


Some comparative statics analysis is il- 
luminating in this case of constant absolute 
risk aversion. Our principal interest lies in 
the effects of a change in r, and r, on Aj. 
Therefore, we consider the case where A, > 0. 
From (15^) we have 


(20) 0A,/ór, = Q/k|H(c— v3); 
Q1) 284,/8r,— (1/k|H](c — v). 


The money demand schedule is negatively 
sloped with respect to r;, if and only if v; > c, 
i, j= 2,3, i+ j. These conditions are clearly 
satisfied if g, and g, are negatively corre- 
lated. 

Demand equations can also be derived for 
the quadratic utility function. In this case, 
the function is of the form f(R)=(1+5)R 
+ bR? where, for a risk averter, — 1 < b < 0, 
and to guarantee f'(R)- (1-- b)-2bR » 0, 
the further restriction that R < — (1+ b)/2b 
is required. In this case, 


(22) U(n,v)- (1 b)u * b(g? +v); 
(23) U,/U, =[(1+ 5b) £2bu]/b 


= [(1+ 5) 2b(A5r, + A,7)]/b. 


The marginal rate of substitution now in- 
volves A, and 4,, making it a bit tedious to 
obtain explicit solutions for A, and A,. 
Equation (23) can be substituted into (14) 
and (17) to obtain these solutions. This task 
we leave to the interested reader. An analysis 
of the 4, demand function can be carried out 
similar to that just performed for the case of 
constant absolute risk aversion. 

One final remark: Some readers may find 
our results obvious, especially that of Propo- 
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sition 1. But, the obvious needs to be shown 
rigorously; more important, if our results are 
indeed obvious, readers must explain the ap- 
proving presence of the Tobin model in so 
many macro and money texts in print.’ After 
all, the relevant substitute assets for money 
do exist—to the tune of almost $1 trillion, as 
noted. Our virtually riskless asset is, there- 
fore, not a fiction of somebody's imagina- 
tion, so that our results are not fictional. On 
the contrary, the original Tobin model is.. 


"To mention only five: William Branson (1979, pp. 
251—58), T. F. Dernburg and D. M. McDougall (1980, 
pp. 125-27), Stephen Goldfeld and Lester Chandler 
(1981, pp. 317-22), David Laidler (1977, pp. 88—98), 
and Michael Lovell (1975, pp. 183-92). 
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A Rationale for Preference Reversal 


By GRAHAM LOOMES AND ROBERT SUGDEN* 


Ever since the formulation by John von 
Neumann and Oskar Morgenstern of a set of 
axioms of rational choice under uncertainty, 
a number of situations have been identified 
in which there are significant and repeated 
violations of one or more of those basic 
axioms. A comprehensive survey of relevant 
evidence has been provided by Paul Schoe- 
maker (1982), together with an outline of 
various attempts that have been made to 
explain the observed behavior. 

One such attempt was our 1982 article, 
and was given the name regret theory. We 
showed that several behavioral patterns 
which contradict standard expected utility 
theory (the “common consequences effect” 
or Allais’ paradox, the “common ratio 
effect,” and the “isolation effect” in two- 
stage gambles) are predicted by regret the- 
ory; and other patterns, such as the “reflec- 
tion effect" and simultaneous gambling and 
insurance, if not firmly predicted, are at least 
consistent with regret theory. 

However, a number of problematical cases 
were not explicitly treated in our earlier 
paper. One such case, the phenomenon of 
preference reversal, was the subject of an 
article by David Grether and Charles Plott 
(1979). This phenomenon, first reported by 
Sarah Lichtenstein and Paul Slovic (1971) 
and by Harold Lindman (1971), takes the 
following general form: asked to make a 
direct choice between gamble 4 and gamble 
B, an individual states a preference for A; 
but asked to consider the two gambles sep- 
arately, he places a higher certainty equiva- 
lent value, or reservation price, on B. 

This phenomenon is particularly inter- 
esting because, as Grether and Plott point- 
ed out, with such reversals it appeared that 
“,.no optimization principles of any sort lie 
behind even the simplest of human choices" 
(p. 623). The purpose of this paper is to 


*Department of economics, University of Newcastle 
upon Tyne. 
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suggest that this is not so, and that regret 
theory may provide the optimization princi- 
ples which explain the asymmetric pattern of 
choice observed by Grether and Plott, and 
others. 


I. An Outline of Regret Theory 


The essential notion underlying regret the- 
ory is that people tend to compare their 
actual situations with the ones they would 
have been in, had they made different choices 
in the past. If they realize that a different 
choice would have led to a better outcome, 
people may experience the painful sensation 
of regret; if the alternative would have led to 
a worse outcome, they may experience a 
pleasurable sensation we call “rejoicing.” 
When faced with new choice situations, peo- 
plé remember their previous experiences and 
form expectations about the rejoicing and 
regret that the present alternatives might en- 
tail. They then take these expectations into 
account when making their decisions. We 
model all this as follows. 

In any pairwise choice, individuals are re- 
garded as choosing between pairs of actions 
denoted A; and A,, where each action is an 
n-tuple of state-contingent consequences. The 
consequence of choosing A, if the jth state 
occurs is denoted x, ;; and the probability of 
the jth state occurring is given as p;. 

It is proposed that, for any individual, 
there exists a choiceless utility function, C(.), 
unique up to an increasing linear transfor- 
mation, which assigns a real-valued utility 
index number to every conceivable conse- 
quence. The value C(x; j) is written as cij, 
and represents the utility an individual would 
derive if the consequence were experienced 
other than as a result of choice, for example, 
if the consequence were imposed in some 
way. 

The choice an individual faces is either to 
accept A; and simultaneously reject A,, or 
else to accept 4, and simultaneously reject 
A,. Suppose he contemplates accepting 4; 
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and rejecting A,. Should the jth state occur, 
he will experience x;, but simultaneously miss 
out on x, ,. So in addition to €; he may also 
derive some increment or decrement of util- 
ity due to rejoicing or regret: an increment if 
C> Cka decrement if Cij € Ckj. 

^I the simplest restricted form of the 
model, it is proposed that regret-rejoicing be 
represented by the function R(.), where the 
degree of regret-rejoicing depends only on 
the difference (c;; —c,;). We assume that 
R(. is strictly increasing and three times 
differentiable, and that R(0)=0. On this 
basis, the modified utility that results if A; is 
chosen and A, is rejected and the jth state 


occurs can be written as m$, where 


(1) mi, = c; + R(c; — cy). 


We can then define the expected modified 
utility of accepting A, and rejecting A, as E* 
where 


(2) Ef = Y, pm 


jel 


The proposed choice rule that the individual 
will prefer A;, prefer A,, or be indifferent 
between them according to whether EF is 
greater than, less than, or equal to Ej, nm 
ates the proposition that 


P , 
(3 AzA, iff È pie; - eu 
j=l 


+ R(aj- ckj) Regs - ¢,j)] 20. 

For compactness, we define a function 
Q(.) such that for all £ Q(£) - £- R(E)— 
R(—£) (Note that for all £ Q(£)—-— 
Q(— ).) Thus 


n 
(4 AzA, iff È pjQ(c;; crj) £0. 
jel 


If Q() is linear, regret theory predicts choices 
that are consistent with expected utility the- 
ory, but if the function is nonlinear, the 
predictions of the two theories diverge. If 
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Q(£) is assumed to be convex for all > 0, 
regret theory predicts a number of patterns 
of behavior which, although inconsistent with 
expected utility theory, have been observed 
in repeated experiments, including those re- 
ferred to in the introduction to this paper. 
We shall now show that under the same 
assumptions, regret theory can explain the 
main kind of preference reversal observed by 
Grether and Plott. 


II. Preference Reversal and Regret Theory 


Grether and Plott asked individuals: to 
consider pairs of bets where the “P bet” 
offered a high probability of a relatively 
small money gain, while the “$ bet” offered 
a lower probability of a larger gain. Both 
bets had the same mean value,' but the vari- 
ance was greater for the $ bet. All pairs of 
bets can be described with the following 
notation. 

The P bet offered the dollar consequences 
yp and xp with probabilities IT, and 1— II,; 
Yp>O>xp. The $ bet offered the conse- 
quences y, and x, with probabilities II; and 
1 — II; x > 0 > xg. In all Grether and Plott’s 
experiments, II, > 0.5 2 IT, and y, > yp. In 
some pairs of bets x» xs, while in others 
Xp < Xs, but in all cases the difference be- 
tween the two negative consequences was 
relatively small; in particular: 


Ixp — xsl € lp — Ys] 


and Xp — Xs] € |yp — Xs]. 

Each individual was asked to state the 
lowest price at which he would sell each of 
the bets; we shall denote these two reserva- 
tion prices by rp and rọ. He was also at a 
different time asked to make a direct choice 
between the P bet and the $ bet. In 561 cases 
(74.4 percent) out of 754,? individuals placed 


lIn Grether and Plott’s experiments, the two bets did 
not have exactly the same expected money values, but 
only because consequences were rounded to the nearest 
dollar and probabilities to the nearest one-thirty-sixth. 

These figures are based on Grether and Plott, Ta- 
bles 5, 6, 8 and 9 (pp. 632-33), but omitting 14 cases 
where P — $, since Grether and Plott gave no informa- 
tion about reservation prices in these cases. 
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a higher reservation price on the $ bet, de- 
spite the greater variance of those bets. 
Moreover Grether and Plott reported (p. 632) 
that the reservation prices for $ bets were 
frequently greater than their expected values. 
These observations can be squared with ex- 
pected utility theory, but only by dropping 
the usual assumption of risk aversion. 

Much more serious for standard theory, 
however, was the incidence of preference re- 
versal. In 76 cases (10.1 percent) P <$ was 
combined with rp > r, and in 205 cases (27.2 
percent) P > $ was combined with rp < rs. 

These observations are completely incon- 
sistent with conventional theory. But now 
consider the implications of regret theory. 
Tables 1-3 portray three matrices of state- 
contingent consequences corresponding to 
the three choice problems facing an individ- 
ual for any pair of bets. (The columns in 
each table represent states of the world, with 
the probability of each state given above.) 

Table 1 represents the choice between re- 
taining the P bet and selling it for the sum rp 
(an action we denote by P*). If rp is the 
reservation price, then P — P*. Similarly in 
Table 2, $* is the action of selling the $ bet, 
and if 7, is the reservation price, then $~ $*. 
Table 3 represents the choice between the 
two bets. This matrix is constructed to corre- 
spond with the random device used in 
Grether and Plott's experiments (see p. 629). 

To produce firm predictions, and to high- 
light the role of regret and rejoicing in our 
theory, we shall make the additional sim- 
plifying assumption that the choiceless utility 
function C(.) is linear over the relevant range. 
On that basis, we obtain the following gen- 
eral result. : 


Let A, be an action that gives the con- 


sequence w with certainty while A, is an 
actuarially fair gamble offering w +u with 
probability IL, and w —IIu/(1—II) with 
probability 1— II; 1> II 7 0 and u> 0. To 
simplify notation, we choose a transforma- 
tion of the linear function C(.) such that 
C(£) ^ £ for all £. Applying expression (4) 
and rearranging, we have 


(5) 4;= A, iff 
o( E )- row Bo. 
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TABLE 1 
Hp 1- Hp 
P P Xp 
P* fp Tp 
TABLE 2 
Ts 1- Il 
$ Ys Xs 
$* rg ts 
TABLE 3 
Tl; Hp- Il; 1- Il, 
P yp JP Xp 
$ Ys Xg Xs 


With Q(£) convex for all £» 0, it follows 
that 4,z A, iff 1120.5. Thus, under the 
special assumption that C(.) is linear, regret 
theory predicts that individuals. will accept 
small-stake large-prize fair gambles (II « 0.5) 
but reject large-stake small-prize fair gam- 
bles (II > 0.5). 

In the light of this result, consider Table 1. 
If rp were equal to the expected dollar value 
of the P bet (which we shall write as V(P)) 
then P (seen in relation to P*) would be a 
large-stake small-prize fair gamble (recall that 
II, 0.5). Thus P < P*. So to achieve P ~ 
P*, which must be the case if rp is a reserva- 
tion price, it is necessary that rp « V(P). 
Now consider Table 2. In this case II, < 0.5, 
so to achieve $~ $* it is necessary that r; > 
K($). But V(P) = V($). Combining these re- 
sults, 7; < rg. Thus, under the special assump- 
tion of linearity, regret theory explains both 
the tendency for individuals to place a higher 
reservation price on the $ bet, and the ten- 
dency for that price to exceed the expected 
value of the bet. 

Now consider the choice between P and $ 
represented in Table 3. Applying expression 
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(4) again, and retaining our assumption about 
C(.), we have 


(O PES iff IOO) 
+(I,-s)O(rp-%5) 
+(1- Tp) Q(xp— x5) 0. 


Because both bets have the same expected 
dollar value, we know that 


(7) IIs (yp E »)* (II, - IIg)( y» = xs) 
© +(1—IIp)(xp — x5) = 0. 


l We also know that l 
() 1»1IHh, II; — IL, 1— Mp > 0; 
(i) yp — Ys <0; ; 
- (ili) yp — Xs > 05. 
Gv) [xp — Xgl€ lyp — Ysb Xp — xsl 
Given all this, the assumption that Q(£) is 
convex for all £2 0 entails the following 
results (see-the Appendix for proof): 


Case I: PX$ifxo,—-x,20 
and ys — yp > yp — Xs 

Case I: P<$ifxp—x,<0 

and IT, — II, > 0.5 
Case lI: P>S$ifxp—x,<0 _ 
-and ys — yp < Jp — Xs 

Case IV: P-5ifxp—-x,20 


and II, > 0.5 


These four cases are not exhaustive— there 
are other cases in which no firm prediction 
can be made— but they cover all six pairs of 
gambles in Grether and Plott's experiments; 
four of those pairs were cases for which 
P <$ is predicted, and two were cases where 
the prediction is P > $.? But the most signifi- 
cant feature is that in cases III and IV, 
preference reversal is predicted, and the form 
of reversal - P » $ and rp € —is the one 
most frequently observed. Of course, if we 
relax the assumption that C(.) is linear, we 
can no longer make such clear-cut predic- 
tions. Nevertheless, the common form of 


3See their Table 2. Case I covers pairs of gambles 
numbers 1, 4 and 5; Case II covers pair number 2; Case 
HI covers pairs numbers 3 and 6. 
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preference reversal remains consistent with 

regret theory and with its presumption that 

individuals are rational, optimizing agents. 
APPENDIX 


To simplify notation, let: 


II, =H, a; = Yp— Js 
=H- Ii; a, = yp — Xs 
II,21- II, a, = Xp — Xz. 


Then the problem is to determine the sign of 


(A1) I,Q(a,) T1,Q(42)+ I1,0(a,), 
given that- 


(A2) M,a, + Ma, + Mza =0 
(A3) 17 II, IL, IT» 0 
(A4) a,>0>a, 

(A5) lai lap] > las 

(A6) Q(£) * - Q(- €). 


and Q(£) is convex for all > 0. 


Casel: —-—a,>a,>a,>0 
In this case, a, is the only a; to be negative, 
and is also the a; with the largest absolute 
value. Thus, because of (A2) and (A6), (A1) 
must be negative, that is, P < $. 


Case II: -a,<a,<a,<0 

In this case, a, is the only positive a;, and is 
the a; with the largest absolute value. Thus 
(AT) must be positive, that is, P > $. 


Case Il: a, a; «0a; I 2 0.5 


' since Q(£) is concave for all £«0: 


(A7) 1hQ(a))* IIQ(a;) 


Ma, d 


«au«nyo[ II, +M 
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Consider a choice between (i) the certainty 
of a consequence of zero and (ii) the conse- 
quences a5, (IT,a, + I1,2,)/(1T, + II) with 
probabilities IT,, IT, + IT,. Since (ii) is an 
actuarially fair gamble with the probability 
of winning, IL,, 20.5, we know from the 
result concerning fair gambles given in the 
paper that 


(A8) IL;Q(a;) 


t (II, rmo rcge <0. 


Combining (A7) and (A8): 
(A9) IlQ(a;) - H50(a;) * T1,9(a;) <0, 
that is, P < $. 
Case IV: a,,a,>0>a,; Il, 2 0.5 
A similar argument to that given for Case II 


above establishes that (A1) is positive, that 
is, P >$. 
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Aggregate Consequences of Fixed Costs of Price Adjustment 


By JULIO J. ROTEMBERG* 


This paper studies the general equilibrium 
consequences of monetary growth in an 
economy in which firms must pay a fixed 
cost every time they change their price. Hence 
it presents an extension of the partial equi- 
librium models of Eytan Sheshinski and 
Yoram’ Weiss (1977), and Michael Mussa 
(1981). A substantial part of this paper is 
devoted to criticizing Mussa’s paper. He 
claims to have shown that under these condi- 
tions the change in the price level depends 
both on the change in the price level that 
would have prevailed in the absénce of costs 
of changing prices (the equilibrium rate of 
change in prices) and on the difference be- 
tween the actual and the equilibrium price 
levels. I show that, under his assumptions, 
the actual and equilibrium price levels al- 
ways coincide. This is a consequence of his 
assumption that equilibrium prices grow at a 
constant rate. Moreover, I argue that in en- 
vironments like those of Sections I and III of 
his 1981 paper and those of his 1982 paper 
in which equilibrium prices do not grow at a 
constant, his rationale does not justify the 
use of his formula (18).! 

Section I of this paper presents the maxi- 
mization problem of a representative firm, 
while Section II discusses the ensuing equi- 
librium.: 


I. Firms 


The firms in this economy are indexed by i 
and produce differentiated products. They 
face identical demand and cost functions. 


*Sloan School of Management, Massachusetts In- 
stitute of Technology. This paper is a revised version of 
chapter V of my Ph.D. dissertation presented at Prince- 
ton University. I thank my advisor William Branson, as 
well as Alan Blinder and Robert Porter for helpful 
comments and suggestions. 

‘It must be noted, however, that Bennett McCallum 
(1980) presents an alternative rationale for an equation 
like Mussa's equation (18). 
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The demand curve facing firm i at time 1 is 
Pi, E M, m * 
o oð) (FY sveton, 


where b and f are parameters. At time t, Q,, 
and P, are, respectively, the quantity de- 
manded and the price of good i, while P, and 
M, are the price level and the size of the 
money stock. The quantity demanded of any 
good depends not only on its relative price, 
but also on real money balances. As sug- 
gested in my 1982 paper, this dependence 
will arise if real money balances are a direct 
source of utility. The price level at ¢ is given 
by 


(2) P, — exp { [log P,) di) : 


The cost to firm i of producing Q; is 


(3) C(Qi,) -UP,.Qi/2 


where U is a parameter. This cost function 
can arise, as shown in my 1982 paper, both 
when only goods are required to produce 
goods and when labor is a factor of produc- 
tion traded in a classical market. Equation 
(3) guarantees that, in the short run, margin- 
al cost curves slope upwards. 

In absence of costs of changing prices, 
firms would charge a price whose logarithm 


is p: 
(4). 
where lower case letters represent the loga- 


rithm of the respective upper case letters. $ 
and F are constants given by 


b TOR 
$= Tiela x PC 


As suggested by Mussa (1981) and shown in 
my earlier paper, the instantaneous loss in 


Py, = ot F(m,— p,)+ Pis 
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profits to firm i from charging a price differ- 
ent from P, can be approximated by 


(5) B( Pi = Bu) ; 
where B is equal to B = ¢b(1+ b) Q7? and 


b-1 


ih 2bU \~ oA +8) M, f.— bf/ü x b) 
w= ) Ux) . 


Here, Q, is the quantity firm i would sell at t 
if it charged P,,, and B will be assumed. to be 
constant. In the model studied below, money 
balances will be constant, therefore B will 
also be constant. As in Sheshinski and Weiss's 
paper and Mussa's (1981) paper, firms incur 
a fixed cost, A, every time they change their 

prices. f 
` Price-setting firms face two types of costs 
of price adjustment. First, there are the ad- 
ministrative costs which ensue from printing 
new price lists, informing salesmen of the 
new prices, etc. Second, there are costs that 
result from the damage to the reputation of 
the firm that changes prices often and by 
large amounts. These latter costs are proba- 
bly more important in an environment in 
which the price level moves little, as in the 
United States. 

While the first type of cost is undoubtedly 
a fixed.cost per price change, the second type 
of cost is, arguably, convex in the size of the 
price change since customers do not seem to 
react strongly to small price increases. When 
the cost of adjustment is convex, a solution 
to the firm’s optimal control problem is 
guaranteed to exist (see Harold Kushner for 
a proof) and, furthermore, the solution is 
easily computed when the cost of adjustment 
can be approximated by a quadratic func- 
tion. This approach is taken in my earlier 
paper. 

Instead, only special cases of the control 
problem when the cost of adjustment is con- 
cave can be solved. Here, the objective of the 
firms is assumed to be the maximization of 
average real profits per unit of time. This, as 
shown by Kushner, is equivalent to the limit 
of the maximization of discounted profits as 
the discount factor tends to one. Moreover, 
as in the analysis of Sheshinski and Weiss, 
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and Mussa (1981), I solve the firm's problem 
only for the case in which the target price, 
P» grows at a constant rate. I will then show 
that this is a property of the equilibrium 
when there is a constant rate of monetary 
growth. ; 

Because there are fixed costs to changing 
prices, the firms will not change their prices 
continuously. Instead, they will keep their 
prices constant for discrete intervals of time. 
During each interval, they will charge an 
optimal price that minimizes average losses 
during the interval. Given the rule for choos- 
ing these optimal prices, the intervals them- 
selves can be chosen to minimize losses per 
unit of time. It is the second part of this 
optimization that yields computable solu- 
tions only in simple cases. 

Mussa (1981) considers the case in which 
Pi, grows at a constant rate, I1: 


(6) Big = Bo + lt, . 


where p;, is a constant. 

As shown by Mussa (1981), firms for which 
Pa is given by (6) who minimize average 
costs per unit of time and keep their price 
constant between ¢ and ¢ + T will charge the 
price p; given by 


(7) Pu Pio + I, * ILT/2 


during this interval. An argument similar 
to Mussa (1981) establishes that, if the firm 
expects II; to be the rate at which p, will 
grow forever, the value of T-which minimizes 
average losses per unit of time is 


1/3 
o (3 ^n 


II. Equilibrium 


Following Mussa (1981), 1 assume that 
firms are uniformly distributed over the time 
of their last price change. He also assumes 
that “all commodities have the same fre- 
quency of price change [ie. the same T,], 
that price adjustments are evenly spaced and 
that the rates of change of the equilibrium 
prices [given by (6)] of all commodities are 
all the same" (1981, p. 1023). Even though 
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these assumptions imply that II; is the same 
for all firms, he writes the price level at t as 


“Ae pe _ TI, : 
9) BAe t (ns Ta: 


He then assumes that p; +(7/2)II, is “close 
to a linear function of i.” Hence Pit 
(T/2)1I, ~ a+ ill, where a and II are con- 
stants. But, for the rate of equilibrium infla- 
tion faced by each firm to be unchanging: 
Il; = Tu; Pisnr = B; t nl, 
where n is any integer. It is easy to establish 
that these conditions ensure that II, = II. 

It is important to stress that Mussa’s as- 
sumptions repeatedly imply that II, = II be- 
cause this leads tó conclusions which are 
much stronger than _Mussa’s. In particular, 
he shows that, 


(10) d»,/di = 


where ô is a constant, However, his assump- 
tions imply Proposition 1. 


e Pi), 


PROPOSITION’ 1:* When 11; —1I for all i 
and, without loss of generality | Pio = a, while 
firms are uniformly distributed over the time of 
their last price- change: 


(11) 


FE Pi Pr " : 


PROOF: . ' 

Using (2), (6), and ihe fact that Hmi are 
uniformly distributed over the time of their 
last price change: 


l rt t T= : 
n-y[ sHHeelU du. 
—a-4]llt — p,. 


Therefore under Mussa's (1981) assump- 
tions, the price level is equal to the equi- 
librium price level. This conclusion depends 
crucially on the constancy of the rate of 
growth of the equilibrium prices. However, 
Mussa (1981) provides no evidence that (10) 
holds for more general paths of p. Moreover, 
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it is-obvious that for a variety of paths of p, 
(10) is false. In particular, consider Robert 
Barro's case in which p follows a random 
walk. Then, when there is a shock to p, some 
firms adjust their price because their relative 
price has now fallen below some critical level 
5. However, after the shock, prices will stay 
constant until the next shock. There is no 
continuing tendency for the price level to 
come back to ‘the equilibrium price level. 
Moreover, the effect of the shocks: on the 
price level is not simply a function of the 
average discrepancy ( p, — p,). Instead, it de- 
pends on the whole distribution. of prices at 
the time of the shock. 

It must be noted that Mussa (1981, 1982) 
and Bennett McCallum (1978) apply equa- 
tion (10):to models in which p, does not grow 
at a constant rate. Mussa's (1981) rationale 
does not provide any microfoundation for 
the use of equation (10) in these contexts. ` ` 

I now establish that ( 11) is a. property: of 
an equilibrium in which p is. given " (4) and 
money grows at the rate IT. 


PROPOSITION 2. When the evolution n of the 
money siock is given by m, = m, + Ilt and 
firms are uniformly distributed over the time of 
their last price change, « an agin price 
level is given by 


(12) 


PROOF: 

My 1982 paper establishes that i ih an econ- 
omy: such as this one, equilibrium in the 
goods markets is sufficient for overall equi- 
librium. Here an equilibrium is a perfect 


Poe 


` foresight path for the price level such that, - 


given that firms expect this path to prevail, 
their optimal plans are consistent with this 
equilibrium. At this equilibrium firms are 
willing to supply the quantities given by (1). 

Suppose (12) is an equilibrium. Then, us- 
ing (4): 


Py= $+ F[m, e Tr- (f moe Tt]) 


t 6/F- mg 4 Ilt 


—6/F- m, ^ It. 
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So the price charged between i and i +T 
by the. firm which changes its price at i is 
given by (7) with P, equal to mo + $/F. 
Therefore, 

-lp (@ Ti, + HT), 

B= > n (Emo + Tu 2 Je 


=o/F mg Ilt 


Note that, at this equilibrium (m, — p,) is 
constant. This establishes that B is a con- 
stant in (5). More importantly, it establishes 
that the index of aggregate output q, given 
by . 


1 
a= f Gi di f (m, ES P) 


does not depend on the rate of monetary 
growth IL It is interesting to note that my 
1982 analysis establishes that q, is also unaf- 
fected by the rate of steady monetary growth 
when firms maximize expected profits per 
unit of time and face quadratic costs of 
changing prices. 


?Indices, like g,, which is equal to the logarithm of 
the product of outputs in all sectors, are widely used 
(see, for instance, Robert Lucas 1973). They behave like 
GNP when output in the different sectors exhibit a high 
degree of coherence. Such coherence does indeed seem 
to characterize business cycles (Lucas, 1977). 
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Taxes in a Life Cycle Growth Model with 
Bequests and Inheritances 


By LAURENCE S. SEIDMAN* 


In a recent paper, Lawrence Summers 
(1981) analyzes alternative taxes in a life 
cycle growth model. This paper extends his 
analysis to include bequests and inheri- 
tances. 

This inclusion is worth undertaking for 
several reasons. First, several recent empiri- 
cal studies have suggested that bequests may 
account for an important share of the capital 
stock (Laurence Kotlikoff and Summers, 
1981). Second, it is important to explore 
whether the comparison of taxes is signifi- 
cantly affected when a bequest motive is 
introduced. Third, the treatment of bequests 
under a consumption tax is controversial. 
The “endowment rationale" calls for treating 
a bequest as. taxable consumption by the 
deceased (Peter Mieszkowski, 1980); the “real 
wage rationale” calls for exempting bequests 
if such exemption raises the steady-state 
capital intensity and real wage (my 1980 
article). 

This paper confines itself to positive anal- 
ysis of steady states. Transition paths, and 
normative implications, are explored else- 
where (see my 1982 paper). 


I. Bequests, Inheritances, and Taxes in a 
Life Cycle Growth Model! 


The representative person is assumed to 
choose 4 consumption path from labor force 
entry (work age zero) to death. All ages are 
“work ages,” expressed relative to a labor 
force entry age of zero. Upon entry, each 


*Associate professor of economics, University of 
` Delaware. I am grateful to my research assistant, Ken 
Schwab, who wrote the program for, and executed, the 
computor calculations. 

‘Derivations for all results presented in this paper are 
provided in my 1981 working paper, available upon 
request. For tractability, it is assumed a bequest is given 
only at death, and an inheritance is received only at 
labor force entry; the results may be sensitive to this 
simplification. 


person chooses (C,, K,) to maximize (1) sub- 
ject to (2): 


(i) U= Í " Ce?! dt + bKje- 9! 
if y<l, y*0 
U= fim Ge ?'dt + bin K,e~ 


if y=0; 





J C, —rat Ky —r,J 
(2) | ers dt +> a 
-(1- tg) H [we dt, 
0 


where r,= (1— t,)r; Wa = (1— t,)w,;; and 
C, consumption at age t, 
J —age of death (exogenous), 
K,= bequest at death, 
H — inheritance received at work age zero, 
r — rate of interest, 

w, = wage at age t, 

R — age of retirement (exogenous) (R < J), 

t,=consumption tax rate (ratio of con- 

sumption tax to the sum of consump- 
tion plus tax; hence C,/(1— t.) is the 
sum of consumption plus tax), 

t, — bequest tax rate (ratio of bequest tax 

to the sum of bequest plus tax), 

ty 7inheritance tax rate, 

t,, = wage tax rate, and 

t,— capital income tax rate. 

The parameter p is the subjective discount 
rate; its constancy insures consistency in the 
sense of Robert Strotz (1956); see also 
Anthony Atkinson (1971). It can be shown 
that o =1/(1— y) (o > 0) is the elasticity of 
substitution between C, and C,, and between 
C, and K,, along the optimal path; o will 
play a key role in the forthcoming analysis. 
The parameter b is the “taste” for bequests, 
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which is implicitly zero in Summers' paper, 
but positive here. It can be shown that b= 
(K,/C,)"*; in the o —1 case, simply the 
ratio of bequest to consumption at the age of 
death. 

It should be emphasized that, in this model, 
b>0 indicating a “bequest motive," does 
not necessarily imply that the individual cares 
about the welfare of his heirs. A person may 
derive utility from planning a bequest and 
accumulating the corresponding wealth, 
because of the security, prestige, or ego 
gratification that may accompany such 
wealth accumulation. Alternative modeling 
‘of a bequest motive based solely on intergen- 
erational altruism, which focuses on the be- 
havior and utility of heirs, could conceivably 
yield different results. 

The conclusions may prove sensitive to the 
choice of utility function. On the other hand, 
(1) is a natural extension of the function 
utilized by Summers, thereby facilitating 
comparison; and may be sufficiently flexible 
to represent any plausible behavior. 

As in Summers, it is assumed there is no 
government saving; the capital stock is ac- 
cumulated from individual saving. The steady 
state of the life cycle growth model is ob- 
tained as in Summers’; except that the ex- 
istence of a bequest motive imposes a new 
relationship. Although each person takes H 
as given when choosing (C,, K;), in the steady 
state of the growth model, the inheritance 
received is linked to the bequest chosen: 


(3) P, (v) K,(v) = Py(v)-H(v), 


where P,(v) = population of age ¢ at time v. 
Given a population growth rate n, and the 
fact that in the steady state, w(v), H(v), and 
K;(v) must all grow at the rate of labor-aug- 
menting technical change g, one person's 
bequest and inheritance are related by 


(4)  H(v)-e-C*9]. K (v J). 


For a Cobb-Douglas production function, 
the steady-state r of the economy is given 
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implicitly by 
(5) r-[o(5, -n- )/(10- 9017 5,)] 


7 F(g-r,, R)|F( yp, J) be”? M] 


F(—n, R)D(1-1,)* =i 


where M & (1—4)! t)" (tj + ty — 
tyty); 


Dz(1-1)" !F(m,,J)-(1-1)*^! 
x ben — (1— ty (1— t5) be; 


e% —] 





" 
, 


F(a,c) -f'e"a = 
0 


m, = (n—-9)o -r, 
Jn = (7 p)a - (n* g). 


A computer-implemented iterative proce- 
dure was used to obtain r from (5). Given a 
Cobb-Douglas function, and neoclassical 
factor payments according to marginal pro- 
ductivity, then capital per effective labor, 
k, is: 


(6) k= [ar] - 9!. 


II. The Impact of Taxes 


Suppose the tax rate is set under each tax 
so that steady-state tax revenue per unit of 
effective labor is equal for all taxes. Six 
steady states are compared: no-tax, and the 
following five taxes: 


(C-Tax): A consumption tax that 

exempts a bequest; 
(CB-Tax): A consumption tax that 

taxes a bequest; 

(W-Tax): A wage tax that exempts an 
inheritance; 

(WH-Tax): A wage tax that taxes an 

inheritance; 

(Y-Tax): An income tax. 


A representative sample of results is pre- 
sented in Table 1 (a more complete set is 
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TABLE | —STEADY STATES UNDER ALTERNATIVE TAXES WHEN TAX RATES ARE SET TO ACHIEVE 
EQUAL TAX REVENUE PER EFFECTIVE LABOR 


c p No-Tax C-Tax 
1 .10 r 11.894 11.894 
$ 7.567 7.567 

K;/c 1.879 2.088 

txr 0.000 10.000 

2 .10 r 10.847 10.817 
$ 8.297 8.320 

K,/c 2.812 3.402 

txr 0.000 10.000 

5 10 r 13.899 13.937 
s 6.475 6.458 

K,/c 1,512 1.604 

txr 0.000 10.000 

4 01 r 20.317 20.651 
s 4,430 4.358 

K,/c 1.246 1.273 

txr 0.000 10.000 


CB-Tax W-Tax WH-Tax Y-Tax 
11.926 12.057 12.099 13.165 
7.546 7.464 7.438 6.836 
1.899 1.983 2.011 1.879 
9.841 13.281 12.990 9,654 
10.868 10.926 10.953 11.997 
8.281 8.237 8.217 7.502 
2.852 2.966 3.018 2.812 
9.765 13.152 12.713 9,593 
13.959 14.213 14.296 15.402 
6.447 6.332 6.295 5.843 
1.528 1.593 1.615 1.513 
9.869 13.474 13.250 9.763 
20.642 21.620 22.112 22.557 
4.360 4.163 4.070 3.990 
1.260 1.300 1.322 1.246 
9.885 13.932 13.842 9.932 


Notes: All entries in the table for r, s, K;/c, and txr are percentages. t, is set at 10 percent under the C-Tax. In each 
txr row, the tax rates of four other taxes are set so that all five taxes raise the same tax revenue per effective labor in 


the steady state (error « 00001). 


The production function is Cobb-Douglas, with the capital share, 30 M the labor force growth rate n is 1 
percent; the labor-augmenting technical change rate g is 2 percent; the age of entry into the workforce is 0; the age of 
retirement is 45; the age of death is 60; and the bequest parameter b is 1.6. 

r = interest rate (which varies inversely with k, the capital-effective labor ratio) 


s = saving rate 


K,/c= aggregate bequest to aggregate consumption ratio 


txr = tax rate 
c - elasticity of substitution in the utility function 


p = subjective discount rate in the utility function (decimal) 


provided in my 1981 paper). Note that from 
(6), k (not presented in Table 1) varies in- 
versely with r. 

Three conclusions can be drawn from Ta- 
ble 1. The first is that a bequest motive 
undermines the “neutrality” of a consump- 
tion tax: If b —0, any C-Tax achieves the 
same steady state k as no-tax; but if b > 0, 
then both a C-Tax and a CB-Tax in general 
achieve a k different from no-tax (only a 
C-Tax with o —1 maintains the no-tax k). 
This can be verified by inspecting (5). For 
b — 0, t, vanishes. 

Now consider b> 0. For a C-Tax (t, 0, 
all other t; = 0), t, is present on the right-hand 
side of (5), except in the case where o — 1. 
For a CB-Tax (t, = t, > 0, all other t; = 0), t, 
is present on the right-hand side of (5) for all 


c (including o —1). Table 1 illustrates these 
results. Only for a C-Tax with o —1 is r, and 
therefore k, the same as under no-tax. 

Why does b>0 undermine neutrality? 
Summers pointed out that, with b=0, in 
response to the imposition of a C-Tax the 
individual would choose to hold constant 
C,/(1—1,), the sum of consumption plus 
tax, at each age. The decrease in consump- 
tion at each age would match the increase in 
tax; saving at each age (S,) would remain the 
same as in the no-tax case. With b — 0, only 
consumption yields utility, and it is taxed at 
the same rate at any age; given the utility 
function, a proportional reduction in C, at 
every age is optimal. It should be noted that 
this neutrality result depends on the utility 
function, and on the assumption that the 
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capital stock is accumulated solely from indi- 
vidual saving (government saving is assumed 
zero). 

With b>0, it should not be surprising 
that a C-Tax that exempts a bequest gener- 
ally is not neutral, since both a bequest and 
consumption now yield utility, but are not 
taxed symmetrically. It is perhaps more 
surprising that a CB-Tax, which taxes a be- 
quest and consumption symmetrically, also is 
not neutral, since at first glance this case 
may seem analogous to the b = 0 case where 
neutrality is achieved. Indeed, given H, it is 
once again true that the individual would 
choose to hold C,/(1—:,) constant (and 
K,/(1— t.) constant), as can be seen from 
(7) and (8), obtained by maximizing (1) sub- 
ject to (2): 


(7) 


C, [H+ woF(g —r, R) eror. 








(151) F(m, J)+b’e™ à 
(8) 

K; | [H*wF(g-r, R))be 94 
(1-1) F(m,J)tbe"" — "' 


where w= wage at work age zero. (Note 
that ¢, does not appear on the right-hand 
side of either (7) or (8).) 

What, then, undermines neutrality? In (8), 
K, would be reduced by the amount of the 
tax, so the sum stays constant. But through 
the steady-state link between K, and H, (3), 
the reduction in K, would alter H, so that H 
would not remain constant in (7). Thus, while 
a partial equilibrium analysis ( H given) seems 
to suggest that a CB-Tax would be neutral, a 
general equilibrium analysis shows other- 
wise. 

The second conclusion to be drawn from 
Table 1 is, as might be conjectured, a 
consumption tax that exempts bequests (C- 
Tax) usually achieves a higher steady-state k 
than a consumption tax that taxes bequests 
(CB-Tax), when tax rates are set to equate 
steady-state revenue per effective labor. Per- 
haps surprisingly, however, the reverse is 
possible. Which achieves the higher k de- 
pends on the relative strengths of the sub- 


JUNE 1983 


stitution effect which favors the C-Tax, and 
the postponement effect which favors the 
CB-Tax. 

To compare these two taxes, it is useful to 
compare each to no-tax. Under the C-Tax, 
maximizing (1) subject to (2), and imposing 
the steady-state link between H and K,, 
yields 


(9) G/ü0-1) 
_ WoF(g—r, Rel 9% 
F(m, J)* b*(1—1,) ^ * (e = e”)? 


(10) 


J 


(1— 4) 7 Pw, F(g — r, R)b*e 7o 
F(m, J)- b*(1 — t0 "(em — e») 


With b > 0, (9) and (10) show that C,/(1— . 
t.) and K, would be independent of t, only 
in the special case o —1. Computer calcu- 
lations of r in (5) show that if o <1, a C-Tax 
would achieve a lower k (higher r) than 
no-tax (see Table 1); but if o>1, a C-Tax 
would actually achieve a higher k than no-tax. 
Why is this so? A C-Tax that exempts a 
bequest induces a shift out of consumption 
into a bequest. When o = 1, the magnitude of 
the shift is such that C,/(1— t.) and K, (and 
thus H) are unaffected by the imposition of 
the tax (C, falls relative to Kj), so S, is 
unaffected. But if o — 1, a greater shift oc- 
curs, So that S, actually increases, raising 
steady-state k. 

Under the CB-Tax, maximizing (1) subject 
to (2), and imposing the steady-state link 
between H and K;, yields 


01) G/ü-1) 


Lo Fler Reo 
F(m, J)+b [e — (1- t;e] 


(12) K,/(1 = te) 


LL WF(g-r, R)bret mer 
F(m, J)- b'|e" —(1- 1e] 


For all o, including o = 1, C,/(1 — t.) varies 
with ¢,. In every case computed, a CB-Tax 
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reduced k relative to no-tax. Hence, for o 7 1, 
the C-Tax achieved a higher k than the CB- 
Tax (see Table 1). 

Even for o « 1, for parameter values yield- 
ing a plausible r, the C-Tax achieved the 
higher k. But it should also be noted that for 
low values of o that yield implausibly high 
values of r (given a nonnegative p), the CB- 
Tax achieved the higher k. Although it is 
therefore likely that, as might be conjectured, 
exempting bequests would raise k, it is in- 
structive to understand why this need not be 
the case for sufficiently small c. 

The intuition that exempting bequests 
should raise k derives from the substitution 
effect —the exemption should induce a shift- 
ing out of consumption into bequest. Con- 
sider, however, the limiting case in which 
o — 0, where no shifting would occur. To 
raise the same revenue, the C-Tax would 
require a higher tax rate than the CB-Tax 
because its base is smaller due to the exclu- 
sion of bequests. Under the CB-Tax, a per- 
son would pay less tax before death than 
under the C-Tax, which must collect all tax 
while the person lives and consumes. The 
postponement of tax under the CB-Tax 
would in itself tend to enable the person to 
achieve a higher wealth accumulation path 
than under the C-Tax. As o increases from 0, 
at some point before reaching 1, the substitu- 
tion effect would outweigh the postponement 
effect, and the C-Tax would achieve the 
higher k. 

The third conclusion to be drawn from 
Table 1 is as follows: when tax rates are set 
to equate steady-state revenue per unit of 
effective labor, for all parameters tried yield- 
ing a plausible steady-state interest rate and 
bequest-consumption ratio, the ranking of 
taxes, beginning with the tax achieving the 
highest capital intensity, is: 1) C-Tax; 2) 
CB-Tax; 3) W-Tax; 4) a wage tax that taxes 
inheritance (WH-Tax); 5) an income tax (Y- 
Tax). This ranking results from tbe interac- 
tion of postponement, substitution, and in- 
centive effects. 

As Summers pointed out, the postpone- 
ment effect is the reason that a consumption 
tax achieves a higher steady-state k than a 
wage tax when tax rates are set to equate 
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steady-state revenue per effective labor. This 
effect continues to apply when b > 0. Hence, 
a CB-Tax is not equivalent to a WH-Tax; 
the CB-Tax achieves the higher k (see Table 
1). Also, the postponement effect explains 
why the W-Tax achieved a higher k than the 
WH-Tax. 

Finally, the Y-Tax postpones tax over the 
life cycle more than the W- or WH-Tax. Yet 
for all parameters tried, the Y-Tax achieved 
the lowest k (as Summers found for b = 0). 
The reason is that, under the Y-Tax, the 
incentive effect of a lower r, on saving evi- 
dently outweighed the postponement effect 
for all parameters tried. The incentive and 
postponement effects both combine to re- 
duce the Y-Tax k below the C-Tax k. 
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Collateral in Credit Rationing in Markets with 
Imperfect Information: Note 


By HiLDEGARD C. WETTE* 


In their 1981 article, Joseph Stiglitz and 
Andrew Weiss analyze adverse selection and 
incentive effects in the loan market. The 
models considered are based on two crucial 
assumptions: borrowers are subject to limited 
liability; and lenders cannot distinguish bor- 
rowers (projects) of different risk. Stiglitz 
and Weiss show that a bank that raises its 
interest rate may suffer adverse selection be- 
cause only risky borrowers will be willing to 
borrow at the higher rate. Thus lenders may 
choose not to raise tbe interest rate to 
eliminate excess demand, resulting in the 
possibility of a "credit rationing equilib- 
rium." Stiglitz and Weiss also consider briefly 
the role of collateral in such credit rationing 
models. They conclude that lenders may 
choose not to use collateral requirements as a 
rationing device. An increase in collateral 
requirements, like an increase in the interest 
rate, potentially leads to a decrease in the 
lender's expected return on loans because of 
resulting adverse incentive and selection ef- 
fects. 

The purpose of this note is to further 
investigate the role of collateral in these 
models. Stiglitz and Weiss’ discussion in Sec- 
tion III establishes that adverse selection ef- 
fects can result from increases in collateral 
when borrowers are risk averse. I will show 
by returning to a model they discussed earlier 
in Section I, that the adverse selection effects 
can also occur when borrowers are risk neu- 
tral. ^ 

Stiglitz and Weiss outline a model to con- 
sider the use of collateral as a rationing 
device (Section III). In that model, all poten- 
tial borrowers face the same array of risky 
projects; each potential borrower chooses (at 
most) one of those projects to undertake. 
The individuals are, by assumption, risk 


*J. L. Kellogg Graduate School of Management, 
Northwestern University and University of Illinois at 
Chicago. I thank Paul R. Milgrom for helpful com- 
ments. 
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averse with decreasing absolute risk aversion, 
and possess different amounts of initial 
wealth. Thus, choice of project (if any) to 
undertake and the method of finance—self- 
finance from initial wealth or loan fi- 
nance—will differ from one individual to 
the next. Stiglitz and Weiss show that, among 
those who undertake risky projects and who 
choose borrowing as the method of finance, 
wealthier individuals undertake riskier pro- 
jects. An increase in collateral has two effects 
on the market for loans: those individuals 
who remain in the market will choose .to 
undertake less-risky projects; and those indi- 
viduals who drop out of the market are 
less-wealthy, low-risk borrowers. If the sec- 
ond effect is sufficiently strong, then in- 
creased collateral requirements will mean 
decreased expected returns for the lender. 
Thus, a credit rationing equilibrium may oc- 
cur, since lenders may not choose to use 
collateral requirements (or the interest rate) 
to eliminate excess demand. The adverse 
selection effect just described does not occur 
in this model if the individuals are risk neu- 
tral. Consequently, the potential for a credit 
rationing equilibrium is limited to cases 
where borrowers are risk averse. 

To see that increases in collateral require- 
ments can also result in adverse selection if 
borrowers are risk neutral, consider the model 
Stiglitz and Weiss used to analyze the ad- 
verse selection effects of increases in the 
interest rate (Section I, pp. 395-99). It dif- 
fers from the Section III model discussed 
above in three ways. First, borrowers are risk 
neutral; second, all projects ar loan financed. 
The analogy to the Section III model is that 
no individuals have sufficient wealth to 
self-finance projects.! Third, in the Section 


‘As in all the Stiglitz-Weiss models, the choice of 
self-financing a portion of the project and loan financ- 
ing the remainder is ruled out. It will become evident in 
what follows, however, that individuals are assumed to 
have enough wealth for the collateral required on loans. 
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III model, all borrowers face the same array 
of potential projects, and each borrower is 
“allowed” to undertake only one of them. In 
the Section I model, borrowers do not neces- 
sarily face the same set of project options, 
nor do they necessarily undertake only one. 
The lender knows that all available projects 
that yield nonnegative expective profit to 
borrowers at the given interest rate and col- 
lateral will be undertaken. (However, as in 
the Section III model, the lender cannot dis- 
tinguish which borrower is undertaking which 
project.) 

Each available project has a distribution 
of gross payoffs F(R,0), where greater 0 
denotes greater risk. The lender is assumed 
to be able to evaluate the mean payoff of any 
project, but not its riskiness. The distribution 
of the riskiness of. available projects with a 
given mean is denoted G(0).? Stiglitz and 
Weiss show that, because of the limited lia- 
bility assumption, the riskiest projects are the 
most profitable from the borrower's point of 
view. As the interest rate increases, the less- 
risky projects become unprofitable so bor- 
rowers do not undertake them. This result 
ultimately leads to the possibility of a credit 
rationing equilibrium. 

In what follows, I use this model to show 
that increases in collateral requirements lead 
to adverse selection effects. Analysis parallels 
the Stiglitz-Weiss analysis concerning ad- 
verse selection effects of interest rate in- 
creases. My theorems differ from their theo- 
rems because collateral C, rather than the 
interest rate r, is allowed to vary.? 


LEMMA: Expected profit to the borrower is 
an increasing function of the riskiness of the 
project undertaken. 


PROOF: 
As in Stiglitz and Weiss, the limited liabil- 
ity assumption implies that borrower profits 


?More precisely, greater 6 corresponds to greater risk 
in the sense of mean preserving spread as defined by 
Michael Rothschild and Stiglitz. 

The notation “m” is used to denote numbers of 
theorems and equations in Stiglitz-Weiss that have been 
altered due to my modifications. Clearly, in this analysis 
it must be assumed that all values of C under considera- 
tion are less than (1-- r); otherwise the lender would 
assume no risk in financing projects. 
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on a particular project are a convex function 
of the gross payoff (R) of the project. Thus, 
increases in risk (8) increase the expected 
profits of the borrower. 


THEOREM .1-m: For given collateral C, 
there is a critical value 0 such that an individ- 
ual borrows from the bank (and undertakes 
the project) if and only if 0 2 0 


PROOF: 

This follows directly from the lemma. Since 
the borrower's expected profits are an in- 
creasing function of 8, there is a level of 8 
(9) that yields zero expected profit. All pro- 
jects with 0 > 6 will thus be undertaken. 


THEOREM 2-m: As the collateral require- 
ment increases, the critical value of 0 below 
which individuals do not apply for loans in- 
creases. 


PROOF: 
The value 6 for which the borrower's ex- 
pected profit is zero satisfies 


(5-m) 7(C,6)=—C-F(1+r-C,6) 


+ù"  [R-(+r)] dF(R, 6) =0. 


l+r-C 


Total differentiation yields 


(6-m) 
a-eaep 
=F(1+r-— Cad d AL 


(We know from the lemma that àv(C,8)/ 
080; also F(i+r—C,6)>0. Thus d6/ 
dC » 0.) 

Theorem 2-m is the crucial result. In- 
creases in collateral will result in the less- 
risky (low 0) borrowers (projects) dropping 
out of the market for loans. The intuition is 
as follows. For a given project (given 0), an 
increase in collateral unambiguously in- 
creases the cost—and decreases the 
profit—to the borrower for some realizations 
of R. (Figure 1 illustrates this result.) Conse- 
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quently, expected profit for that project de- 
clines. This decrease in expected profit on 
each project means that some projects that 
were profitable at the initial level of C be- 
come unprofitable at the new, higher level of 
C. From the discussion of Theorem 1-m, we 
know those are the low-risk projects. 

. It remains only to show that this adverse 
selection effect from increases in collateral 
- may cause a decrease in the lender's expected 
return on loans. The lender's expected return 
on a loan (project) of risk 0 is p(8, C). Since 
the lender cannot determine which borrower 
undertakes the project 0, she must calculate 
an "average" expected return, p(8(C), Č). 


(4b-m) 
p(0,Č)= [17 € C) dF(R,6) 


+(1+r)-(1- F(l+r—C,@)); 


o f (6.6) 46(0) 
(7-m) PCOS E E 


We want to show that p is not necessarily an 
increasing, function of C. This follows from 
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differentiation of (7-m): 


" [| Fü*r- 6,0) ac(o) 


(m) Ee 1- G(8) 
g(8) 5-5) £8. 
1-e(5 0 P ae: 


where 5 = p(6(C),C) is the expected return 
on the least-risky project undertaken. The 
first term in this expression is positive. The 
second term is negative because d8/dC > 0 
(by Theorem 2-m) and p < p. The latter fol- 
lows from Theorem 3 in Stiglitz-Weiss— the 
expected return on a loan to the lender is a 
decreasing function of the riskiness of the 
project financed by that loan; thus, the ex- 
pected return to the lender on the least risky 
loan 6 is greater than the expected return on 
the "average" loan p and d6/dC: >0 (by 
Theorem 2-m). 

Since p, 6, and 6 do not depend on g(6), 
the negative term can be made arbitrarily 
large in absolute value by choosing g(8) 
large. Then, an increase in collateral reduces 
the lender's average expected return from 
loans.* 


“The expressions for d9/dC (equation (6-m)) and for 
dp/dC (equation (8-m)):look very similar to the 
analagous equations (6) and (8) in Stiglitz-Weiss for 
changes in r: 


aĝ _1-F((1+r)-C,6) | 
(a) dr àv (F, 0)/ 00 


dp  [e[I- F(1-7—C,0)] dG(9 
o B-f [ e (9) 


6) _ ..dé 
+ HO ug — Pe) 
1-G(6) dr 


The similarities occur because changes in C and in r 
both affect the cost of a given project to the borrower 
for certain realizations of R. In approximate terms, an 
increase in r affects the cost when the project “succeeds” 
(hence terms involving the upper tail of the project's 
distribution of returns, 1— F((1--r)- C,0)); an in- 
crease in C affects the cost when the project "fails," 
hence terms involving the lower tail of the distribution, 
F((14 r)- C,0). 
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- The conclusion in the Stiglitz-Weiss paper 
is that if borrowers are risk neutral and 
subject to limited liability, then a lender may 
not be willing to increase the interest rate on 
loans to eliminate excess demand; if the bor- 
rowers are risk averse, he may also not be 
willing to raise collateral requirements to 
eliminate excess demand. The, analysis here 
demonstrates that the lender also may not be 
willing to use collateral requiréments as a 
rationing device even when borrowers are 
risk neutral, because increases in collateral 
can lead to adverse selection effects that 
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decrease the lender's expected return on 
loans. 
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Labor Supply and Tax Rates: A Correction of.the Record 


By JAMES GWARTNEY AND. RICHARD STROUP* 


When analyzing the theoretical implica- 
tions of a change in tax rates, economists 
often apply the work-leisure analysis for the 
individual to the aggregate labor market. In 
this note, we will view the impact of changes 
in tax rates in a general equilibrium model. 
We will show that generalizations drawn from 
the work-leisure analysis for the individual 
about the impact of a tax cut on labor supply 
are typically invalid. In addition, the gener- 
alizations conceal the true nature of the in- 
come effect emanating from a change in tax 
rates. Section I briefly describes the tradi- 
tional analysis and indicates the conditions 
under which it can be appropriately applied 
to the aggregate labor market. Section II 
describes the widespread view of the linkage 
between tax rates and the aggregate supply 
of labor, which we believe to be incorrect. 
Section III considers the implications of the 
changes in tax rates in a general equilibrium 
framework. Section IV applies this frame- 
work to transfer payments in order to better 
illustrate the fallacy in the work of many 
writers. 


I. Appropriate Application of the Individual 
Analysis to the Aggregate Labor Market 


Economists have long recognized that a 
higher real wage rate generates two conflict- 
ing influences on the labor supply decision 
of a worker. First, a higher real wage in- 
creases the opportunity cost of leisure, induc- 
ing the worker to substitute away from leisure 
and toward work.'? Other things constant, 


*Florida State University and Montana State Univer- 
sity, respectively. We express our appreciation to Thomas 
McCaleb, Paul Downing, and an anonymous referee for 
their helpful suggestions. This research was supported in 
part by The Center for Political Economy and Natural 
Resources, Montana State University. 

lFor simplicity of exposition, we follow the tradi- 
tional treatment of leisure simply as hours not worked. 
A more thorough treatment would allow other dimen- 
sions of job choice to enter also. In addition to changing 
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this substitution effect increases thé quantity 
of labor supplied as real wages rise. Second, 
the increase in real wages expands the “con- 
sumption possibilities" set available to a 
worker. This income effect permits a worker 
to increase his consumption of all‘ goods, 
including leisure. If leisure is a normal good, 
the income and substitution effects exert op- 
posite impacts on hours worked. Thus, the 
linkage between real wage rates and amount 
of labor supplied is ambiguous. 

In aggregate, the consumption possibilities. 
of an economy cannot expand unless the 
production possibilities have expanded. In- 
vestments in human capital, technological 
advancements, and physical capital forma- 
tion have historically led to growth in output 
per man-hour and real wage rates. In this 
instance, it is proper to reason from the 
individual to the aggregate. Economic growth 
makes it possible for individuals, in aggre- 
gate, to attain a higher income, even though 
they do not increase their hours worked. 
With economic growth, the combination of 
more leisure and more income is perfectly 
consistent with the production possibilities 
of the economy. It is also proper to reason 
from the individual to the aggregate for a 
specific group if subsidy programs increase 
both the pay rates and the real income of the 
group. The cross-sectional empirical analysis 


their hours worked as pay rates increase, workers may 
also be more willing to change locations, work more 
intensively, accept more responsibility, reduce ab- 
senteeism, or pursue other actions that increase their 
productivity per hour worked. These substitutions of 
money for nonmoney job characteristics may each 
change differently when the net wage rate changes. For 
example, higher take-home pay associated with a poten- 
tial promotion might lead to more productivity despite 
fewer hours worked, as a worker seeks greater money 
income and more time off to enjoy it. 

?The higher real wages will also increase the proba- 
bility that nonworkers will enter the work force. Thus, 
the hours worked of some individuals will rise from zero 
to a positive amount. 
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of experimental income maintenance pro- 
grams is illustrative of this procedure? 


H. Tax Rates and Labor Supply — 
A Widespread View 


When analyzing the impact of a change in 
tax rates, many economists have applied the 
income-leisute analysis of the individual to 
the aggregate labor supply curve. According 
to this view, a reduction tax in rates will 
increase the real income of individuals by the 
amount of the tax cut. This increase in real 
income will induce individuals to consume 
more leisure and less work, at least partially, 
if not entirely, offsetting the substitution ef- 
fect. Thus, even the directional impact of a 
reduction in tax rates on the quantity of 
labor supplied is indeterminant. The analysis 
is symmetrical. An increase in tax rates will 
reduce real income by the amount of the tax 
increase. Again, the income and substitution 
effects exert a conflicting influence on hours 
worked. 

Should the reader feel that we have incor- 
rectly outlined the view of those who apply 
the individual analysis to the aggregate labor 
market when. analyzing the impact of a 
change in tax rates, we feel compelled to 
offer a few typical examples of our reason- 
ing. The words of Lyle Gramely, a governor 
of.the Federal Reserve System, nicely il- 
lustrates the widespread view. While discuss- 
ing various proposals to reduce tax rates, 
Gramley stated: 


-It is difficult to predict whether a com- 
pletely rational economic man would 
work more or less if taxes were lowered. 
Lower rates of taxation increase the 
take-home pay that can be earned from 
an additional hour of work or a second 
job, but they also make it possible to 
attain any given sandan of living with 
less work. < [p. 7] 


Policymakers are not the only ones who apply 
the individual analysis to the aggregate econ- 
omy. In a review article on supply-side eco- 


3See, for example, the discussion of experimental and 
nonexperimental data analyses i in Michael Keeley (1981), 
chs. 4 and 5. 
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nomics, James Barth (1981) recently stated: 


The predicted impact of marginal tax 
reductions on work effort, however, is 
theoretically questionable. As a result 
of an increase in after-tax real wage 
rates, people may work less, not more. 
The reason is that with higher after-tax 
real wages, an individual may be able 
to work fewer hours, while still main- 
taining or even improving upon his real 
income or standard of living. This 
means that although the tax cut will 
change the relative price of work vis-à- 
vis leisure and thus induce a “substitu- 
tion effect” of work for leisure, this 
may be more than offset by the “in- 
come effect” that induces people to 
work less and devote more time to 
leisure. [p. 5] 


In his analysis of the expected effects of a 
tax cut on labor supply, Jerry Hausman 
(1981) stated: 


Income taxes have two effects on labor 
supply. Taxes lower the net wage and 
reduce labor supply by the com- 
pensated substitution effect. But taxes 
also have an income effect, which causes 
individuals to work more since they 
have been made worse off by the tax. 
The two effects have opposite signs and 
might well approximately cancel, caus- 
ing only a small net effect on labor 
supply from income taxation. [p. 175] 


I. Tax Rates and Labor Supply — 
A Reconstructed View 


The traditional view is entirely correct for 
an individual (or group of individuals) whose 
real income increases by the amount of the 
tax cut. However, when analyzing the impact 
of a tax cut, the generalization of the individ- 
ual analysis to the economy as a whole is 
invalid. A tax cut does not increase aggregate 
real income by the amount of the tax reduc- 
tion.’ It does not per se change the technical 


^Yf this were true, as those who generalize from the 
individual work-leisure analysis imply, the real income 
of all worker’s could be increased by reducing personal 
income tax rates. Clearly, the optimal income tax rate 
would be zero. 
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production possibilities of the economy.? It 
will be impossible for all individuals to con- 
sume both more goods and more leisure as 
the individual work-leisure analysis implies. 
Since a reduction in tax rates does not in- 
crease aggregate real income by the amount 
of the tax cut, it is fundamentally different 
from the case of an increase in real wage 
rates (and real income) over time and the 
partial equilibrium income maintenance 
situation mentioned in Section I. 

The traditional analysis is deficient in that 
it fails to consider how changes in tax re- 
ceipts will influence the availability of public 
sector goods and services. A simple private- 
public sector general equilibrium model can 
be used to clarify this point. Consider a 
mixed economy of homogeneous individuals. 
Private goods are produced in the market 
sector and financed by after-tax income. 
Public goods are supplied by the government 
and financed from tax receipts. Individuals 
derive utility from their consumption of both 
private and public goods. The resources of 
the economy are fully employed and, ini- 
tially, we assume that the government is 
supplying the optimal quantity of public 
goods. 

In approaching this topic, it is important 
to carefully specify the ceteris paribus condi- 
tions and to consider how tax changes alter 
the revenues available for public sector ex- 
penditures. In order to simplify the analysis, 
we will assume that (a) the monetary author- 
ities hold the supply of money constant, and 
(b) the size of the budget deficit or surplus is 
unchanged.® These two assumptions will per- 


5The fallacy committed by those who apply the 
work-leisure analysis for the individual to the aggregate 
labor market when analyzing the expected impact of a 
tax cut is very similar to that of earlier economists who 
applied the construction of a money income constant 
individual demand curve to the aggregate economy. See 
Milton Friedman (1949) and Martin Bailey (1954) for 
discussion of this issue. Also see Friedman (1976) for an 
illustration of a similar fallacy concerning the welfare 
effects of an excise tax. 

‘Alternatively, one might choose to hold the level of 
government expenditures constant. If this were the case, 
the government would have to either print money or 
borrow in order to obtain the resources necessary to 
maintain the pretax level of public goods. Given our 
assumption of full employment, neither of these options 
would change the production possibilities of the econ- 


JUNE 1983 


mit us to focus on the “pure tax-cut effect,” 
rather than bringing changes in monetary 
and fiscal policy into the analysis. 
Independent of any additional output 
emanating from the substitution effect, the 
reduction in tax rates will clearly lead to a 
decline in tax revenues. For our general equi- 
librium model, any expansion in expendi- 
tures on private goods stemming from the 
alleged-income effect of the tax cut will be 
exactly offset by a decline in expenditures on 
public goods (because of the decline in tax 
revenues which finance them). When the ini- 
tial level of government expenditure is só- 
cially efficient, then at the margin, the addi- 
tional utility derived from an expansion in 
consumption of private goods is exactly off- 
set by the decline in utility associated with 
the reduction in consumption of public 
goods. The alleged income effect of the tax 
cut simply disappears. Only the substitution 
effect remains and the tax cut will unam- 
biguously increase the quantity supplied of 
labor. For a tax cut of discrete value, an 
individual’s valuation of the public goods 
foregone as the result of the income effect of 
the tax cut will exceed his or her valuation of 
the additional private goods now available. 
Real income will fall because government 
spending is now below the optimal level.: 
Under these circumstances, the negative in- 
come effect will reinforce the substitution 
effect. Unambiguously, the quantity supplied 
of labor will increase. The economy’s pro- 
duction possibilities (for private and ‘public 
goods) will expand due to the increase in the 
supply of labor, although the “aggregate util- 
ity" of the community will have declined." 


omy. Both would lead to the same conclusions, with 
regard to the income effect, as our present model. 

"The increase,in aggregate output stemming from the 
substitution effect may moderate the decline in tax 
revenue associated with the reduction of rates. Thus, 
when the combined impact of both the substitution and 
income effects is considered, the decline in expenditures 
on public goods may be less than the increase in ex- 
penditures on private goods. However, this outcome is 
contingent upon the substitution effect inducing an ex- 
pansion in the supply of labor. Clearly, it would be 
impossible for this expansion in output (and measured 
real income) to induce individuals to supply less labor at 
a lower tax rate as the individual work-leisure análysis 
implies. 
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If we relax our assumption that the initial 
output of public goods was optimal, the in- 
come effect associated with a discrete tax cut 
might be either positive or negative within 
our general equilibrium model. We have al- 
ready pointed out that the income effect will 
be negative if individuals value the public 
goods that must be foregone as the result of 
the tax cut more than the expansion in private 
goods stemming from their increase in dis- 
posable income. In this instance, the income 
and substitution effects reinforce each other. 
Alternatively, if the initial output of public 
goods is larger than the optimal, the utility 
derived from the expansion in consumption 
of private goods will exceed the utility fore- 
gone by the decline in output of public goods 
as a result of the tax cut. In this instance, a 
tax cut will increase real income, leading to 
income and substitution effects that are in 
opposite directions. 

In a general equilibrium setting, the in- 
come effect is determined by the individual's 
valuation of the expansion in private goods 
relative to the decline in public goods, inde- 
pendent of changes in output emanating from 
the substitution effect. It reflects the im- 
provement.or deterioration in allocative ef- 
ficiency as resources are shifted between the 
private and public sectors. In general, the 
income effect is not equal to the individual's 
increase in disposable income derived from a 
tax reduction. The only case where the ag- 
gregate income effect is equal to the increase 
in disposable income, as the individual 
work-leisure analysis of a tax cut implies, is 
when individuals place zero value on the 
public goods that must now be foregone as 
the result of the shift in output from the 
public to the private sector. 

The general equilibrium approach can also 
be utilized to show that the traditional view 
of a tax increase is invalid. Generalizing 
from the individual work-leisure analysis, the 
traditional view emphasizes that an increase 
in tax rates will reduce real income by the 
amount of the tax increase. According to this 
view, individuals may choose to' work more 
(even though the opportunity cost of leisure 
has fallen) in order to make up for the loss of 
real income. Our general equilibrium model 
indicates that this view of the income effect 
is erroneous. Independent of output changes 
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flowing from the substitution effect, if indi- 
viduals value the expansion in output of 
public goods emanating from the tax in- 
crease more than they value the private goods 
output that must now be foregone, a positive 
income effect will reinforce the substitution 
effect. Unambiguously, the tax increase will 
cause an increase in consumption of leisure 
and a decline in work effort. 

Alternatively, if the additional output of 
public goods is valued less than the decline 
in output of private goods, the income effect 
will be negative. Under these circumstances, 
the income and substitution effects will exert 
a conflicting influence on work effort. How- 
ever, even in this case, the negative income 
effect will not be equal to the decline in the 
individual's disposable income, as the tradi- 
tional work-leisure analysis implies. 


IV. Tax Rates, Tax Revenues, and 
Transfer Payments 


Perhaps an increase in transfer payments 
financed by higher tax rates provides the 
clearest illustration of why it is important to 
view the income and substitution effects in a 
general equilibrium setting. This combina- 
tion—higher taxes and larger transfer pay- 
ments—is of growing significance. As Table 
1 illustrates, both income taxes and transfer 
payments have expanded as a proportion of 
national income in recent years. In 1965, 
income and employment taxes took 15 per- 
cent of national income. By 1979, the com- 
parable figure had risen to 23.4 precent. 
Transfer payments also rose sharply during 
the period, expanding from 6.6 percent of 
national income in 1965 to 14 percent in 


TABLE 1—THE GROWTH OF INCOME, TAX REVENUE, 
AND TRANSFER PAYMENTS, 1965-79? 


Income and Employment Government Transfer 


Year Tax Revenues Payments 
1965 15.0 6.6 
1970 19.6 9.5 
1975 20.7 14.0 
1979 234 12.6 


Source: Economic Report of the President, Tables B-17, 
B-73, and B-74; 1980, and Tax Foundation, Table 11. 
*Shown as a percentage of national income. 
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1975, before falling back to 12.6 percent in 
1979. 

If the government raises tax rates, using 
the additional tax revenues to finance an 
equal expansion in transfer payments, the 
change in aggregate disposable income will 
be zero. The reduction in the disposable in- 
come of each taxpayer is just offset by an 
equal expansion in transfer payments which 
increases the disposable income of other in- 
dividuals.? Unless taxpayers as a group have 
a different income elasticity of demand for 
leisure than the recipients of the income 
transfers, the income effect of the tax-transfer 
program will leave both the aggregate supply 
of labor and the consumption of leisure un- 
changed. Of course, the substitution effect 
will still be present. Unambiguously, it will 
induce individuals to work less, although how 
much less is strictly an empirical issue. 

If the additional transfer payments are 
inversely linked to income, they will also 
increase the implicit marginal tax rate of 
recipients. For example, this will be true if 
larger benefits are supplied to lower income 
recipients while benefit levels decline as the 
recipient's income approaches the break-even 
or zero transfer level. Under these circum- 
stances, there is a dual disincentive effect on 
labor supply. While the income transfers do 
not directly reduce total income, the substitu- 
tion effect associated with the transfer will 
induce both the taxpayer-donors and the 
transfer recipients to reduce their work ef- 
fort. 


V. Summary and Conclusions 


Our analysis indicates that it is invalid to 
generalize from the individual work-leisure 
analysis to the economy as a whole when 
analyzing the impact of changes in tax rates 
on the supply of labor. The change in an 
individual's disposable income due to a 
change in taxes is not indicative of the change 
in real income in aggregate unless, at the 


5 Here, for the sake of simplicity, we assume that the 
transaction cost of the income transfers is zero. We also 
ignore a potential change in utility that taxpayers may 
derive from the knowledge that their tax dollars went to 
a transfer recipient. 
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margin, government expenditures produce 
nothing of value. Independent of any addi- 
tional output emanating from the substitu- 
tion effect, an increase in the disposable 
income of individuals due to a reduction in 
tax ratés will lead to an equal reduction in 
tax revenues (and expenditures on public 
sector goods). If, at the margin, a dollar of 
additional government expenditure is valued 
as much as a dollar of expenditure in the 
private sector, transfer of income between 
the two sectors will leave the real income of 
citizens unchanged. Under these circum- 
stances, there is no reason to believe that 
there is a positive income effect which will 
reduce work effort and tend to offset the 
positive impact of the substitution effect on 
the supply of labor. Therefore, the tax cut 
will increase the quantity supplied of labor. 

The analysis is symmetrical. Real income 
will not decline in response to a tax increase, 
unless the expansion in government expendi- 
tures is valued less than the loss of income 
from private goods that must now be fore- 
gone. Analysis of the income transfer issue 
illustrates the major point of this paper. If 
tax rates are increased in order to enlarge 
transfer payments, in aggregate, there will be 
no income effect. Only the substitution effect 
remains and it will decrease the quantity 
supplied of labor under the assumptions of 
our general equilibrium model. 

Of course, the sensitivity of labor supply 
to a change in tax rates is still an empirical 
question. The supply of labor may be rela- 
tively unresponsive to changes in the price of 
leisure relative to work. However, the rele- 
vant issue is the sensitivity of labor supply to 
the relative price change, rather than the 
presence of an alleged *income effect" which 
reflects changes in after-tax income while 
ignoring changes in tax revenues and public 
sector expenditures. 
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Relative Risk Aversion in Comparative Statics 


By ELIAKIM KATZ* 


In his seminal paper on the theory of the 
competitive firm under price uncertainty, 
Agnar Sandmo (1971) claims that an in- 
crease in a proportional profits tax (with full 
loss offset) will reduce, leave unchanged or 
increase the firm's output accordingly as rel- 
ative risk aversion R is increasing, constant 
or decreasing. Unfortunately, this tidy result 
is founded upon an error.! It is the purpose 
of this note to point out the error and correct 
it; thus showing what can be said about the 
effect of a profits tax on the firm's output. 

The error arises because Sandmo uses a 
measure of R which is profits based; that is, 
he defines 


(1) 


where II is the firm's net profits, u( ) is the 
utility of profits, u’ = du/dTI, etc. 

This definition of R leads to two prob- 
lems. First, it contains an internal contradic- 
tion rendering meaningless the assumptions 
of constant or a decreasing relative risk aver- 
sion. To see this, recall that Sandmo's analy- 
sis deals with a firm which in certain states 
of the world may face negative profits and 
compare R as defined in (1) when profits are 
negative and when they are positive. Clearly, 
R associated with the negative profits will be 
negative and hence smaller than the positive 
R associated with positive profits. Hence, the 
very definition of R as given in (1) is incom- 
patible with decreasing or constant relative 
risk aversion. 

The second problem with (1) (and this 
indicates the way out of the paradox de- 
scribed above) is that measures of risk aver- 
Sion are properly defined upon wealth W 


R= -Tw"(ID/v'(IL), 


*Department of economics, Bar-Ilan University, 
Israel. 

'This error has been perpetuated by others with 
respect to other organizational forms. See, for example, 
John Hey (1981, p. 370). 
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and not upon profits;? that is, 
(2) 


is the correct definition. Once this is recog- 
nized, then since wealth cannot in general be 
negative, the paradox disappears. 

Now, letting W be the firm’s initial wealth, 
x the firm’s output, c(x)+ B the firm’s costs, 
p the (random) output price, and ¢ the prof- 
its tax rate, the firm's final wealth W is given 
by 


(3) W-W*(px-c(x)- B)(1- 1). 


R--—Ww"(W)/w(W) 


Assuming that the firm maximizes Eu(W) 
with respect to x, we know by adapting 
Sandmo's result that the effect of an increase 
in ¢ on x will have the same sign as 


(4) e(w)e - Ew"(W)(p — e'(x)) 
x (W —Wy)/(1 — 1) 


which, using the (correct) definitions of R 
and absolute risk aversion A, may be written 


(5) e(w) 
= ER(W)w(W)( p - c'(x))/(1- £) 
— EA(W)w(W)(p — c(x))W,/- 1). 


Now, from the work of Sandmo and of 
Peter Diamond and Joseph Stiglitz (1974), 
we know that the first term on the right-hand 
side of (5) is negative, zero or positive 
according as R is decreasing, constant or 
increasing and that the second term on the 
right-hand side of (5) is negative, zero, or 
positive according as 4 is increasing, con- 
stant, or decreasing. 


?See Kenneth Arrow (1965), and John Pratt (1964). 
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Hence, the following table summarizes 
what can be said about the sign of $, that is, 
about the effect of an increase in profits tax 
on output. 


R R R 
Increasing Constant Decreasing 
A Increasing $? nonfeasible — nonfeasible 
A Constant $»0 nonfeasible nonfeasible 
A Decreasing $20 o>0 9? 
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Existence of Consistent Conjectures: Comment 


By ARTHUR J. ROBSON* 


In an interesting recent contribution to 
this Review, Timothy Bresnahan defines the 
notion of a consistent conjectural equilibrium 
for duopoly. (See also the references cited by 
Bresnahan for related work.) Within the class 
of conjectural variation equilibria (as in 
A. L. Bowley, 1924), equilibria with the fol- 
lowing property are sought: The conjectural 
variation function and the derived reaction 
function should be locally identical for each 
of the two firms. To paraphrase William 
Fellner (1949), firms are then “right for the 
right reason." This concept of a consistent 
conjectural equilibrium (CCE) has inherent 
interest and holds out the prospect of reduc- 
ing the “embarrassment of riches" resulting 
from the great multiplicity of conjectural 
variation equilibria. 

Bresnahan is able to find a CCE when 
demands and marginal costs are linear. Fur- 


thermore, he shows that this CCE is unique . 


within the class of polynomials. 'This suggests 
two questions: 1) Surely it is desirable to use, 
at least, the class of analytic functions rather 
than polynomials? (That is, can uniqueness 
be established within this richer class of 
functions?) 2) Surély Bresnahan's results 
ought to be robust to generalization of de- 
mand and cost functions? (That is, does a 
unique (analytic) CCE continue to exist with 
nonlinear demands and/or marginal costs?) 

It is necessary, first of all, to reformulate 
Bresnahan's problem. This is shown to in- 
volve the solution of an (ominously) unusual 
type of differential-difference equation. 
Eventually, a positive answer can be ob- 
tained for the first question. That is, 
Bresnahan’s CCE appears to be unique 
within the class of analytic functions and not 
merely within the class of polynomials. Of 
much greater importance, however, the tech- 
nique developed here also suggests a negative 


*Hoover Institution, Stanford University, and Uni- 
versity of Western Ontario. I thank Tim Bresnahan for 
helpful comments.’ 
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answer to the second question. That is, sim- 
ple examples are readily found for which 
existence of an analytic CCE is problematic. 


I. Consistent Conjectural Equilibria— 
Reformulation, Possible Nonexistence 


A simple example which permits the main 
points to be made is as follows. Suppose that 
average costs are constant and identical for 
the two firms and hence, without loss of 
generality, zero. Suppose that firm 1’s in- 
verse demand and profits are given by 


(1) 
P(q,4:) = a-(q ap q;)- bq, /2— cqi/3, 


m (4,4) = P(4, 42) 0i 


Symmetrically for firm 2. Each firm main- 
tains a conjecture concerning its rival’s be- 
havior. (Suppose initially that these conjec- 
tures are distinct for the sake of expositional 
clarity. Eventually symmetry will be imposed 
for the sake of simplicity.) Firm l's conjec- 
ture about firm 2 is 


Q) 


where a, is parametric for firm 1. Similarly, 


Gz = A + Yq), 


firm 2’s conjecture concerning firm 1 is 


(3) q = a, + ¥, (92). 

It is supposed that firm 1 explicitly chooses 
the parameter a, (rather than q, directly) 
and, similarly, firm 2 chooses a,. It is as- 
sumed that choice of (a), a,) yields a unique 
payoff combination (7,, m). Consider then 
the profit-maximizing behavior of firm 1. 
The first-order condition is 


(4) a-24 —(a, » yo(q1)) 
zx qyi5(q1)- bq, a cdi z 0, 


which thus describes firm 1’s best-reply func- 
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tion for q, in terms of a,. The implied rela- 
tionship between g, and q, can be obtained 
by substituting for a, in (4) from (2). Then 
(4) becomes 


(5) a-2qQ,—4;— qu5(q1)- bai 7 cdi =0. 


The second-order condition for firm 1’s max- 
imization problem is 


(6) (2+.b+2cq,)+25(91)+ 9193 (a1) > 9, 


which must hold identically throughout some 
neighborhood. 

An entirely parallel argument describes 
firm 2’s best-reply to firm 1. It is convenient 
at this stage to recognize that a, and a, may 
now be set equal to zero, if the conjectures 
V4 C) and y,(-) are those that would apply 
in equilibrium. Consistency as defined by 
Bresnahan requires that the relationship be- 
tween q; and q, describing firm 1’s best- 
reply to firm 2, as in (5), should be locally 
identically the conjecture held by firm 2 con- 
cerning firm l's behavior, as in (3), with 
a, =0. Hence (5) becomes the requirement 
that 


(7) a-241(6(a)-4:- Vi(a2) Vo (36 (22)) 
E bY:(42)—e(¥i(a))” =0, 


which is to hold as an identity in q». It is 
assumed that an equilibrium in the usual 
Bowley sense exists so that 


(8) qt ^ Vi (až); ad = vo (att). 


It should be noted that (7) is an integrated 
form of Bresnahan's comparable equation 
defining a CCE. Equation (7) incorporates 
the first-order condition for profit maximi- 
zation as well as the requirement of con- 
sistency. 

Consider the possibility that i1(97) ^ O. 
Differentiation of (7) at g7 readily yields a 
contradiction. Hence (7) may be rewritten, at 
least in a neighborhood of q7, as 


(9) 
qu5(a)-7a-24—- yi (41) ba, = cgi. 
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The’ final requirement imposed is that 
(qt. 42) belong to the “economically plausi- 
ble" region. This can be obtained, for exam- 
ple, by requiring stability of the following 
simple associated dynamic system: 


(10) Qi 7 Yilda) = pi (tldi2)); 
92,1 7 ¥2(491,2-1) z paltilda-2)) 


For global or local asymptotic stability at 
(qt. q1), it is necessary that 


(11) iat) yalari <1. 


Suppose now symmetry is finally imposed 
on the conjectures. Now (9), (8), (6), and (11) 
become, respectively, 


(122) qu'(q) - a-2q — y^ (q)— bq- eq? 
(12b) q* — y (q*) 

(12c) (Q- b2eg)*2y'(q)* aV" (q) 2 0 
(12d) ]y/(q*)| «1, 


which are necessary conditions for any CCE 
which might exist. 

The basic equation here is (12a) which is 
a mixed differential-difference equation in 
which the difference is endogenous. Al- 
though equations answering this general de- 
scription are treated in the mathematical 
literature, this particular case has not been 
investigated and does not appear to corre- 
spond to a well-posed physical problem. (See 
L. El’sgol’ts and S. B. Norkin, 1973, for the 
results apparently available.) 

Equations (12) can be simplified some- 
what. Differentiation of (12a) and use of 
(12b) and (12c) implies that either J/(g*) = 1 
or y'(q*) © [—1,0). In the first case, it can 
be shown that /"(g*) « 0 if c satisfies (13d) 
below, and that two-sided stability cannot 
then hold. Hence (12) reduces to 


(13a) qU'(q) —- a—-2q — V^! (q)- ba — eq? 
(136). q* — v(q*) 

| y' (a) e[- 1,0) 

c» —(4* b)/2a. 


(13c) 
(13d) 


456 f THE AMERICAN ECONOMIC REVIEW 


The basic result is 


THEOREM 1: Equation (13a) provides a re- 
cursive rule for finding all derivatives of /(q) 


at q* for any q* satisfying (13c). However, the ` 


associated Taylor series will generally diverge 
for all q* such that 4'(q*) & (—1,0) unless 
V (q) is linear. 


PROOF: (See the Appendix.) 
This theorem has the following. two im- 
mediate corollaries. 


COROLLARY 1: If b>0, c=0, this case 
: was treated by Bresnahan. The unique linear 
solution of (13) is easily seen to be 


(14) ¥(q) = [-1«3(/9? +4b ~1)|[q~a], 


which satisfies '(q*)€(—1,0). This then 
seems to be the unique analytic solution of 
(13), for y/(q*) € (— 1,0). 


This serves to exemplify the sense in which 
the first question posed in the introduction 
has an affirmative answer. However, 


COROLLARY 2: If b» 0, c 0 subject to 


(13d), no matter how small c may be, it is 
easily seen that (13) has no linear solution. 
(Indeed, it has no polynomial solution.) Hence 
no analytic solution generally exists either for 


V'(q*e (- 1,0). 

In this sense, the second question posed 
above is answered in the negative, and the 
existence of the CCE found by Bresnahan 
. must be viewed as something of an accident. 

APPENDIX: PROOF OF THEOREM 1- 
Differentiation of (13a) yields 
(Al) v"(a)a- v'(q) 
--2-lAV(r)-b-2a, 
where r = ij^ !(q). Setting g = q* yields 
(A2) y"(q*)a*- V/(q*) 
-—2-1/wy(q*)- b —-2cq*. 


| (A6) 
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Continuing this process, it is easily shown 
that, in general, 


y(q*) 
(A3) OG gt = — 
(y 
— y (q*) terms in y/(*),...,J"- P(q*), 


which provides a recursive formula for find- 
ing all the derivatives of /(qg) at q*. Suppose 
that x —1/J/(q*) < — 1, if y'(q*) € (— 1,0). 
Now (A3) can be written as 


(A4) YO P(gt) gt = x+y (g>) +R, 


where R is other terms of lower order in x. 
Consider then the (formal) Taylor series 


for y (q): 
oo (n) ( 4* Q0 
(A) Y y (ea a) 


n=0 


However, this series diverges by appropriate 
ratio-test (see W. Rudin, 1974) since the 


yo*»(a*)(q—-a*)| 
(n +1) y™(q*) 


for all q+ q*, using (A4). The only general 


lim sup 
n>n 








` exceptions require (q) to be a polynomial . 


so that J(?(g*) 2 0 Vn > N. But if y(q) isa 
polynomial, (13a) requires ij^ (4) to be one 
also. This is only posupis if ¥(q) 3s is linear. 
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Existence of Consistent Conjectures: Reply 


By TIMOTHY F. BRESNAHAN* 


` Arthur Robson's excellent comment intro- 
duces a new formulation of the problem of 
consistent conjectures. My reply uses the new 
formulation in order to resolve Robson's 
troubling example of nonexistence, and to 
make the problem clearer. It also shows why 
my original approach was sensible only for 
the linear demand curve case. A slightly more 
general approach used here has consistent 
conjectures in Robson's quadratic inverse de- 
mand example. 


I. Robson's Reformulation: An Extension 


Robson writes the consistent conjectures 
problem as selection of the strategic vari- 
ables for oligopoly. He introduces the nota- 
tion a for strategic variables in general, and 
considers a broad class of games that are 
Nash equilibrium with «e as strategic vari- 
ables. Each member of this class is specified 
by allowing quantity to be a specific function 
of a: 


(0) a 


which I abbreviate q — q(a). The payoffs can 
easily be written in terms of the a's. 


Q) IL(a) =N; (a(a)) 
iix D; !(4(o))a,(a) - (a/(a)). 


where P,— D; (q) is the inverse demand 
curve. 

Then Nash equilibrium for the new game 
so defined is determined by 


=q, (a, a2); q; =q, (0,05), 


*Department of economics, Stanford University. I 
had many stimulating conversations with Arthur Rob- 
son, Stephen Turnbull, and Peter Huang. 
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From the a’s that solve (3), we can calculate 
equilibrium quantities and prices. This for- 
mulation includes the usual oligopoly solu- 
tion concepts by choice of particular changes 
of variables q(a). The identity q; = a, yields 
Cournot (quantity) equilibrium, while chang- 
ing along the demand curve q — D(a) yields 
Bertrand (price) equilibrium. 

The first advantage of this formulation is 
that it makes absolutely clear the relation- 
ship of “conjectures” to the theory of nonco- 
operative games; that is, every equilibrium 
studied is a Nash equilibrium in some stra- 
tegic variables. The class of strategic vari- 
ables is wide enough to include both prices 
and quantities. The second advantage of this 
formulation is that it makes definition of 
“consistency” very simple mathematically. A 
consistent conjectures equilibrium is a change 
of variables g(a) such that the reaction func- 
tions a,(a;) are constant. Since the reaction 
functions are defined by (3), this is simply 
the condition that 
(4) @II,(a)/da,da,=0; i=1,2, jæi. 
This is a pair of nonlinear partial differential 
equations for the functions q(a). 

In this notation, the limitation of my origi- 
nal approach was to consider only changes 
of variables that had 0q,/ ĝa; —1, although 
0q, / ĝa; was allowed to vary. 


II. Quadratic Inverse Demand 


Robson showed that consistent conjectures 
as earlier defined do not exist for duopolists 
with zero costs and the quadratic inverse 
demand system: 


(5) B-a-754-(u*4)- 545 
i=1,2. 


This example brings out the shortcomings of 
my earlier approach. Inverting the system (5) 
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in order to compute the direct demand sys- 
tem involves solving a quartic equation. It is 
not surprising, therefore, that my implicit 
assumption ĝq;/ a; —1 leads to difficulties. 
This assumption rules out Bertrand equi- 
librium, among others. 

A change of variables (a) c can be found 
that leads to consistency in this case. In fact, 
the change takes the form q; = f(a;)+ g(a;). 
A technical appendix (available upon request 
from the author) shows that any functions 
f( ) and g( ) and constants ERIS that 
satisfy 


(6) of *(t)—Af(t) = K,- g(t) vu 

cg?(t)+[A+2+ b] g(t) =K,— f(t) ve. 
can, by equation (4), be shown to yield con- 
sistent conjectures. In general, the solution to 
the equations (6) involves solving a quartic 


not unlike the demand system. In the case of 
linear demand (c = 0) we get 


(7) ef) 


-[-e«2 «eaa /2. 
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which could also be found using (A9) in my 
original paper. 

Thus a natural reformulation of the prob- 
lem suggested by Robson's comment reverses 
his finding of nonexistence. The broader class 
of solutions found here reduces to my earlier 
result when demand is linear. 


N III. Conclusion 


The task of a consistency criterion is to | 
select one noncoopérative oligopoly solution 
concept from the many possible. The selec- 
tion criterion should always choose some- 
thing (existence), yet should never choose 
many things (uniqueness). In this reply, the 
criterion was weakened in order to ensure 
existence; whether this destroys uniqueness 
is an open question. i 
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The Economics of Superstars: Comment 


By PETER BOWBRICK* 


Sherwin Rosen's interesting analysis in a 
recent issue of this Review goes a long way to 
explain the star phenomenon, but it misses 
two reasons why, though most industries have 
stars and superstars, some have only super- 
Stars, or. have superstars and a few insipid 
stars. This may happen when several stars 
combine to make a product, or when the 
product is consumed by several people at the 
same time. 

The key may be found in David Ogilvy's 
report of his work with Gallup in the 1930's: 
*] discovered that some stars had a negative 
effect at the box office; their names on the 
marquee repelled more ticket buyers than 
they attracted. The list, which I called Box 
Office Poison and classified TOP SECRET, 
included some of the most famous names in 
show business, and ruined their careers" (p. 
49). 

One cannot treat this repulsiveness just as 
negative attractiveness. Two popular stars, 
each hated by a fair number of people, but 
not the same people, would guarantee a flop 
—if the Magnificent Seven had each been 
hated by a different 14.28 percent of the 
population, there would have been no audi- 
ence. Clearly, most actors must be bland, 
neither loved or hated, as a film could afford 
to have only one or two stars who were 
sufficiently interesting to be hated. Instead 
of the galaxy of stars of the 1930's, we have 
the superstars of today: those who are inter- 
esting, but have few haters. 

Also important is the fact that people tend 
to go to view films in couples or family 
groups, so one hater lost the film two or 
more customers, an effect that was particu- 
larly strong when nonhaters saw other films 
as close substitutes. The advent of portable 


"Institute of Agricultural Economics, Oxford Univer- 
sity. 
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radio switched the audience from the family 
sitting round the set to the individual or to a 
homogeneous group, so even widely disliked 
stars could succeed with specialized audi- 
ences. Sid Vicious could be a superstar where 
previously the broad appeal of a Crosby had 
been necessary. 

The phenomenon is not confined to peo- 
ple. Food marketing in particular shows the 
importance of haters. Complex flavors and 
strong flavors increase the chance that some- 
one will dislike the product, so it is safer to 
market the bland (especially with ready-to-eat 
foods). Similarly, the fact that a meal is eaten 
by a whole family means that a single hater 
can change the family shopping list. 

The model is strongest when consumers 
have a choice strategy that rejects a product 
if it has attribute X (for example, garlic in 
the stew), or that judges a product by its 
worst attribute. It is weaker if the strategy is 
additive, with good attributes offsetting bad. 
It will reinforce some of the superstar cases 
mentioned by Rosen. 

If there were no aversion, a single super- 
star would still attract in spite of a poor 
supporting cast, and his fans would bring 
along others indifferent to his charms. If, in 
addition, there was additive evaluation, one 
superstar would have the same attraction as 
three stars, or as five starlets. Evaluation 
processes must therefore be taken into 
account. The model is particularly useful in 
explaining the blandness of commercial tele- 
vision programs and of mass-produced food. 


REFERENCES 


Rosen, Sherwin, “The Economics of Super- 
stars,” American Economic Review, De- 
cember 1981, 71, 845—58. 

Ogilvy, David M., *Blood, Brains and Beer," 
London: Hamish Hamilton, 1978. 


The Economics of Superstars: Reply 


By SHERWIN ROSEN* 


Peter Bowbrick raises some interesting is- 
sues that deserve elaboration. Consider a 
differentiated product with attribute q that 
sells for p(q) per unit in the market. Assume 
an economy of scale in consumption of a 
particular type of good among a small group 
of buyers, a family, for example. Positive 
consumption of that variety requires incur- 
ring a fixed set-up cost k, independent of the 
quantity consumed. The fixed cost is in- 
curred every time a member chooses an inde- 
pendent variety. For example, the location of 
consumption may be away from home. Then 
k represents the cost of transport in ah auto 
with excess capacity. More generally, k de- 
rives from scale economies in home produc- 
tion, for which the good in question is inter- 
mediate product. Several types of outcomes 
are possible. Each member can go it alone 
and make a purely private consumption deci- 
sion. This has the virtue of allowing mem- 
bers to consume their most preferred vari- 
eties, but entails duplication of set-up costs. 
Alternatively, the group may make a collec- 
tive decision and choose a single variety that 
is consumed by all members.! The group 
decision is equivalent to choosing a public 
good. The variety actually chosen compro- 
mises among the most preferred choices of 
each person, but exploits the scale economy 
and allows greater consumption of other 
goods as compensation. 

Some possibilities are illustrated in Figure 
1 for a group of size 2. Bid-price functions 
(price-attribute indifference curves) for both 
members are shown by the curves labeled 6’ 
(the utility direction is southeast). The op- 
portunity locus is k -- p(q) when consump- 
tion decisions are made independently. The 
optimum good for each person is char- 


*University of Chicago and National Opinion Re- 
search Center. I am indebted to the National Science 
Foundation for financial support. 

‘Coalitions of various subgroups should be con- 
sidered, but space does not permit that development 
here. 
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acterized by equality between marginal rates 
of substitution between q and other goods 
and the incremental cost of q for each per- 
son: 00'/0q = p'(q), i=1,2 (points a, and 
a, in Figure 1). Alternatively, thé per capita 
opportunity locus becomes (k/2)+ p(q) 
when members choose a single variety and 
share fixed costs. The figure illustrates a case 
where a public decision Pareto dominates 
individualistic ones. This happens whenever 
the per capita group constraint cuts through 
the shaded area in the figure, the locus of 
possible Pareto-improving group allocations 
relative to independent decisions at a, and 
a,. All points between b, and b, raise utility 
of at least one member without lowering 
utility of the other. All these points poten- 
tially satisfy a Samuelsonian public goods 
condition, (1/n)2; 00'/0q = p'(q), depend- 
ing on welfare weights among group mem- 
bers. For example, both persons achieve 
larger utility at point c than at their most- 
preferred independent locations. Cost sav- 
ings due to exploiting group scale economies 
more than compensate for compromising on 
a variety somewhere in the middle. 

More structure is needed to nail the pre- 
cise location of the compromise, say, a Nash 
bargaining game or an effectively altruistic 
head. The resolved preference structure might 
replace my original specification of prefer- 
ences, but the essential argument regarding 
concentration and skew of market shares and 
reward among sellers is otherwise not af- 
fected. Nevertheless, the point is clear that 
small collective decisions of this sort pro- 


mote a tendency toward mediocrity of choices 


within groups, in the literal sense of the 
median. This illustrates one aspect of the 
*blandness" of goods to which Bowbrick 
refers, but is not necessarily assured, because 
group decisions need not dominate indi- 
vidualistic ones. Experimentation with the 
figure reveals that a public goods decision is 
more likely: (i) the larger the scale economy; 
(ii) the greater the uniformity of preferences; 
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FIGURE 1 


and (iii) the greater the degree of substitution 
between these goods and other goods. 

That collective decisions within house- 
holds reduce variety among members has no 
additional relevance for the superstar phe- 
nomenon unless there are scale economies 
for sellers. Profitability and rents are only 
weakly related to firm or personal market 
size in the absence of scale economies in 
market production; and the skewed and con- 
centrated market share and reward distribu- 
tions I attempted to explain do not arise, 
whether or not there are collective decisions 
within families. Market scale economies are 
necessary for superstars even if firm’s out- 
puts are jointly produced (multiple actors). 

The broader issues raised by Bowbrick’s 
remarks refer to which varieties appear on 
the market, and are related to Harold Hotell- 
ing’s theory of spatial competition. Scale 
economies in market production remain nec- 
essary for observing large concentrations of 
market shares and rewards and for focusing 
the varieties actually offered toward median 
preferences. A reinterpretation of Figure 1 
illustrates the point. Now think of a continu- 
ous distribution of preferences among con- 
suming units in the market as a whole. 
Tangencies along the upper opportunity locus 
represent the spectrum of equilibria when 


ROSEN: ECONOMICS OF SUPERSTARS 461 


everyone independently consumes their most 
preferred variety. This would be the market 
solution were there no scale economies in 
production. If a seller can exploit scale econ- 
omies by massing customers with varying 
preferences on a particular variety, the good 
can be sold on better terms. For example, a 
seller who could configure a variety and price 
at the intersection of 0! and 0? would attract 
all consumers with intermediate preferences, 
and unit costs of production would fall. If 
the price were lower that variety would at- 
tract consumers whose preferences are even 
more extreme than those of 0! and 62, and 
unit costs would fall even more. Scale econo- 
mies in market production therefore push the 
market to reach compromises among buyers 
that resemble a local public goods equi- 
librium.” We expect to see firms concentrat- 
ing some of their competitive energies on 


‘designing goods to cater to “mass tastes” 


under these circumstances. Persons with 
minority preferences might not be served 
very well or at all. 

There are many real problems where con- 
siderations such as these are relevant. A single 
provider of television programs must com- 
promise between families as well as within 
them. The same is true of subscription sched- 
ules of major symphony orchestras, where 
works of modern day composers are seldom 
played because they cater to minority tastes 
and offend the.majority. Cases such as these 
involve large elements of public goods for 
the market as a whole. More competition, if 
feasible, would provide greater variety. This 
is clear enough in contrasting most print 
media with television. Perhaps production 
economies are smaller for the former, but 
licensing restrictions probably contribute to 
these differences as well. Surely cable televi- 
sion ultimately will increase program variety 
and alter rents to stars in that activity. 
Greater variety itself reduces the size of each 
submarket, which works to reduce rents; but 
better matching of tastes with variety in- 
creases both willingness to pay and attracts 
additional consumers who previously did not 
purchase, which works to increase them. 


2This is a spatial model of monopolistic competition. 
See Kelvin Lancaster (1975). 
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There remains intuitive plausibility to the 
idea that some products and services must 
be “degraded” to appeal to large: numbers 
of buyers. Yet one can take comfort only 
in introspection on that score and none 
whatsoever in economic theory, which ad- 
mits no such concepts: neoclassical value 
theory is value free! I finessed this issue in 
my paper by defining markets very narrowly 
and by maintaining a specification that pre- 
served pure competition rather than monop- 
olistic competition. Competition among 
sellers implied a unique market equilibrium 
price of services. Degradation of a seller's 
product occurred through congestion and 
external diseconomies, with relatively more 
*crowding out" and larger market shares of 
better sellers in equilibrium. This specifica- 
tion was technically necessary for limiting 
scale economies and achieving a nondegener- 
ate distribution of sellers, while maintaining 
pure competition? A monopolistically com- 
petitive formulation limits scale economies in 
another way, namely, by a seller losing buyers 
to competitors at his market fringes. My 
specification has the effect of putting the 
distinction between, say, serious novels and 
trashy ones on the same footing as that 


3I have extended the basic problem to firm size and 
managerial reward distributions across ranks in hier- 
archical firms in my 1982 article. 
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between legal services and baseball— entirely 
different markets. Why writers of trash have 
Jarger audiences than serious novelists is bet- 
ter argued over lunch than in print, but the 
thought that it might be as meaningful a 
categorization on' the supply side as that 
between economists and rock musicians is 
perhaps not entirely implausible. The fact 
that the highly talented take home most of 
the marbles within these narrow categories 
can be explained within the standard com- 
petitive framework, but a monopolistically 
competitive model undoubtedly would 
improve our understanding of this problem 
even more. 
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Stock Returns, Real Activity, Inflation, and Money: Comment 


By RATI RAM AND DAVID E. SPENCER* 


An interesting empirical phenomenon 
which has received considerable attention is 
the observed negative correlation between 
real stock returns and inflation (both ex- 
pected and unexpected components). In an 
interesting “recent article in this Review, 
(1981), Eugene Fama sought to explain this 
phenomenon. His explanation is broadly on 
the following lines: contrary to the Phillips 
curve hypothesis, there is a negative correla- 
tion between inflation and real economic 
activity; on the other hand, there is a positive 
association between real activity and stock 
returns. The observed negative correlation 
between real stock returns and inflation is 
thus due to the conjunction of these two 
relationships, or due to what he calls the 
“proxy effect.” . 

Fama's procedure consists essentially of 
three main steps. First, estimate two sets of 
inflation regressions, one based on a Fisher- 
type equation in the rational expectations 
framework, and the other derived from a 
particular form of the money demand equa- 
tion. The purpose of these is to show a 
negative association between inflation and 
real activity. Second, estimate certain capital 
expenditure functions and real stock return 
regressions primarily to show that stock re- 
turns and real activity are positively associ- 
ated. Third, estimate real stock return re- 
gressions in which both inflation and real 
activity variables are included, the main ob- 
jective being to show that holding real ac- 
tivity constant, inflation (at least expected 
inflation) is not negatively correlated with 
stock returns. However, since that objective 
is not quite met when inflation and real 
activity variables are used as regressors in 
the stock return functions, growth of money 
is added as another “explanatory” variable 
to show an attenuation of the negative effect 
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of inflation on stock returns. Even that 
strategy succeeds only partially, apart from 
the difficulty of justifying money growth 
variables in these real stock return regres- 
sions. ; 

The evidence adduced by Fama has the 
apparent consequence of calling into ques- 
tion conventional macroeconomic theories of 
the Phillips curve which suggest a positive 
relationship between inflation and real activ- 
ity. The purpose of this comment is to take 
issue with that conclusion, and thus with 
Fama's explanation of the relationship be- 
tween real stock returns and inflation. We 
find considerable empirical evidence which is 
inconsistent with the world described by 
Fama, but generally consistent with conven- 
tional macroeconomic theory. 

Our alternative explanation essentially fol- 
lows from the fact that we employ a different 
inflation equation, derived from a Fisher- 
Phillips relationship, and our use of different 
but equally plausible variables to represent 
real activity. We also estimate stock return 
equations of much the same character as 
Fama's. Our evidence suggests an explana- 
tion which is essentially the reverse of 
Fama's: the negative association between 
stock returns and inflation can be postulated 
to arise from a conjunction of a positive 
association between inflation and real activ- 
ity and a negative association between real 
activity and stock returns. These results along 
with others suggest that the observed nega- 
tive correlation (between stock returns and 
inflation) may be best explained as a 
straightforward reflection of the Mundell- 
Tobin hypothesis rather than by Fama's 
indirect explanation. It should be noted that 
while neither Fama's nor our regression 
functions for inflation and stock returns are 
derived from a specific general equilibrium 
model, our procedure (besides reflecting 
* prevailing wisdom") seems conceptually at 
least as rigorous and plausible as Fama's, 
and our explanation fits the data at least as 
well. 
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The rest of this paper is structured as 
follows. In Section I, we reexamine the rela- 
tionship between inflation and real economic 
activity. Fama's procedure is discussed and 
an alternative procedure explained and em- 


ployed. The next section reexamines the rela- — 


tionship between real stock returns and real 
economic activity using several alternative 
measures of real activity. Section III briefly 
discusses the regression results and also re- 
ports the results of a test of the direction of 
“causality” between inflation and stock re- 
turns. 


Y. Inflation and Real Activity 


To find a negative correlation between 
inflation and real economic activity, Fama 
relies on a transformed money demand equa- 
tion with some special features. A "typical" 
empirical money demand equation (see David 
Laidler) might be given by 


(1) 


In M, - by + bin A, + b,in R, t b4ln P, + u,, 


where M, represents nominal money bal- 
ances, A, is an appropriate measure of real 


economic activity, R, is a nominal rate of _ 


interest, P, is the price level, and u, is a 
random disturbance term; all for period £. It 
is frequently assumed that b, — 1.0 although 
that assumption has recently been criticized 
(see, for example, Y. P. Mehra). Fama ap- 
parently accepts such a specification, but in 
order to use money demand theory to ex- 
plain inflation he takes first differences of 
equation (1) and, assuming that A, and R, 
are exogenous and that b,— 1.0, solves for 
A In P, the rate of inflation. Such a proce- 
dure yields 


(2 AP, —b,AinA,— bjAInR, 
t b,A In M, &,, 


where 5,—1.0, e,=u,—u,_,, and AlnP, 
equals in P, — In P, , (and similarly for other 
variables) However, this is not quite the 
equation Fama estimates. He makes two 
changes, the first of which is to include a 
constant term in equation (2). Such an addi- 
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tion of an irrelevant variable is of no great 


consequence except that in Fama's regres- 
sions (reported in his Table 1), the constant 
term is always statistically significant, which 
may be indicative of some kind of specifica- 
tion error. The second change is the exclu- 
sion of an interest rate variable. with the 
justification that “the general finding in the 
money demand literature [is] that the interest 
rate is the weakest variable in empirical mon- 
ey demand equations” (p. 549). While there 
may be a sense in which such a statement is 
true, virtually all recent empirical money de- 
mand studies indicate the importance of a 
nominal interest rate variable in a properly 
specified money demand equation. Laidler 
states: “Thus the importance of the rate of 
interest for the demand for money is now 
established beyond any reasonable doubt...” 
(p. 120). Thus, there is additional cause for 
concern that Fama’s regression equations are 
misspecified.! 

An additional problem arises from the dis- 
tribution of e,, the disturbance in equation 
(2). Unless the disturbance in equation (1), 
u,, follows a first-order autoregressive struc- 
ture with a unitary root, e, will be serially 
correlated and the usual test statistics ob- 
tained from ordinary least squares (OLS) 
will be invalid. (See C. I. Plosser and G. 
William Schwert for a recent discussion of 
this issue.) Prevailing empirical evidence ap- 
pears to suggest that u, can be reasonably 
represented as a first-order autoregressive 
process, but with an autoregressive parame- 
ter considerably less than unity. 

For these reasons, we are inclined to ques- 
tion the usefulness of Fama's inflation 
regressions derived from money demand re- 
lations for investigating the relationship be- 
tween inflation and real activity. For- 
tunately, there is another framework which 
avoids these problems and in which this same 
relationship can be examined. Following the 
approach used by Vito Tanzi, the familiar 


‘In a recent paper, Thomas Cooley and Stephen 
LeRoy have questioned the “objectivity” of the reported 
negative interest elasticities in money demand functions. 
However, it is not their position that an interest rate 
variable does not belong in such functions, but'ap- 
parently that identification issues in money demand 
estimation have been overlooked. 


VOL. 73 NO. 3 


Fisher equation can be augmented in a 
straightforward way in order to derive an 
appropriate regression equation.” 

The basic Fisher equation is given by 


(3) RR, 


where R, is the nominal rate of interest, 7, is 
the expected real rate, and 7, is the expected 
rate of inflation; all for period t. This equa- 
tion is combined with two other hypothetical 
relationships. The first of these is an expecta- 
tions-augmented Phillips curve which can be 
expressed as 


(4) I,=1,+aA,, 


where A,, as defined above, is an appropriate 
measure of real economic activity. Conven- 
tional theories of the Phillips curve argue 
that a>0, but Fama seems to reject these 
theories and argues that a « 0 when ap- 
propriately estimated. Thus, part of the con- 
troversy has to do with the sign of a in (4)? 
We do not estimate (4) directly, but add the 
second hypothetical relationship suggested by 
Tanzi which indicates a positive relationship 
between the expected real rate of return and 
real activity: 


(5) F =r" + bA, 


where r” may be considered as the long-run 
(natural) real rate of interest and it is ex- 
pected that 8 > 0. 

Combining equations (3), (4), and (5), and 
solving for I,, we obtain 


(6) I,=—r"+R,—-(0-a)A,, 
or 
(7) L= Yo + WR, tA, 


The sign of y, depends, in part, on the sign 
of a. If a<0 as Fama would seem to sug- 


Similar augmentation of the Fisher equation has 
also been suggested recently by Maurice Levi and John 
Makin (1978, 1979) on the basis of a general equilibrium 
model. 

3That is to say, do we observe a Phillips curve (a> 0) 
or a “Fama curve" (a < 0) in the U.S. economy. 
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gest, then y, is unambiguously negative. If 
a> 0, as traditionally expected, the sign of y, 
is ambiguous. Thus we want to estimate (7) 
and examine the sign of the estimate of y,. A 
failure to reject the hypothesis that y, > 0 is 
evidence against Fama’s hypothesis. 

Before we can estimate (7), we must choose 
appropriate variables for J,, R,, and A,. For 
I,, the rate of inflation, we use the per- 
centage change in the Consumer Price Index. 
For R,, we use the rate of return on Treasury 
bills.* For A,, real economic activity, Fama 
mainly used the rate of growth of real GNP 
as well as the rate of growth of industrial 
production. While we do not argue that such 
measures are inappropriate, there are other 
plausible and frequently used indicators of 
real economic activity which might also be 
fruitfully considered. We have chosen to con- 
sider the following: 


E=employment/population ratio (expressed as 
deviations from the sample mean), 
UNR= natural rate of unemployment — actual rate of 
unemployment, 

&.. Actual real GNP — Potential real GNP 
ae Potential real GNP - ZIW 
GY-rate of growth of real GNP (as used by 

Fama). 


Each of these is a positive indicator of eco- 
nomic activity; that is, a larger value indi- 
cates greater real activity. 

In addition to examining these alternative 
measures of economic activity, we also esti- 
mate equation (7) using quarterly data over 
two sample periods, 1953:1-1972:1IV and 
1953:1-1978:IV, in order to see how our 
results might change with the inclusion (or 
exclusion) of the more turbulent years since 
1972. These results are reported in Table 1. 
The first four lines of the table give estimates 
of (7). for each of the four measures of real 
activity over the shorter time period and the 


^These variables, 7, and R,, are similar to those used 
by Fama. See the Appendix for a more detailed descrip- 
tion of the data we use. 

5This is an interesting variable which has been em- 
ployed in a similar context in a comment on Fama 
(1975) by John Carlson and by Fama (1977) in his reply. 

®This variable is similar to that used by Tanzi as an 
index of real economic activity. 
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TABLE | —REGRESSIONS OF INFLATION ON INTEREST RATE AND REAL ECONOMIC ACTIVITY? 
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Model Estimated Regression R? D-W 
Sample Period: 1953:1-1972:IV 
L 1,=.719+.578R, + 1.021 E, .56 2.08 
(1.19) (4.08) (3.99) 
2. F,=—.150+.755R, + 427UNR, .50 2.02 
(—.23) (4.80) (2.07) 
3. T,= —.850+ .900R, + .0767GAP, 49 2.00 
(— 1.58) (6.33) (.95) 
4, T, = —.700+ .928R, — .063GY, 48 2.01 
. (—1.24) (737) (—1.26) 
Sample Period: 1953:1-1978:IV 
5: I, =.142+.857R, + 1.274E, 69 2.00 
(19) (4.96) (4.44) 
6. 17 —2.307 + 1.419R, —.096UNR, .63 1.98 
(—3.19) (9.42) (—.45) 
T: I, = —2.266 + 1.418R, —.064GAP, .63 1.98 
(—3.47) (9.88 (-.72) 
8. I,— —1.751 - 1.352 R, — .062GY, .63 1.99 


(—2.38) (9.15) (—1.10) 


*Each regression equation is estimated by the Cochrane-Orcutt iterative procedure; 
D-W indicates the Durbin-Watson statistic after the autoregressive correction; ¢-ratios are 
shown in parentheses; R? is the coefficient of determination in the transformed regression. 


last four lines give the corresponding esti- 
mates for the full period. 

In no case, either for the short period or 
the long period, are we able to reject the null 
hypothesis that y, > 0; that is (at the usual 
levels of significance), there are no statisti- 
cally significant negative coefficients on the 
various proxies for real economic activity. 
The coefficient of E is significant and posi- 
- tive for both periods while that of UNR is 
significant and positive for the shorter period. 
All other regressions yield insignificant 
estimates of y, although GY (one of Fama's 
choices) comes closest to satisfying Fama's 
hypothesis with a t-ratio of —1.26 in the 
short period. These results offer no evidence 
of a significantly negative association be- 
tween inflation and real activity. The esti- 
mates that are statistically significant are all 
positive. The results for each regression 
therefore appear to be consistent with con- 
ventional theories of the Phillips curve (a > 0) 
and inconsistent with Fama's position on 
those theories.’ 


TIt is interesting to note that even if we take the 
insignificant estimates of y, to be true (i.e., if we have 
committed Type I error), our regressions still appear to 
imply that a> 0. Consider line 7 in Table | since the 
measure of real activity, GAP, corresponds to the mea- 


As might be expected, a comparison of the 


'results for each sample period suggests a 


deterioration of the Phillips curve relation- 
ship during the post-1972 period. Although it 
is not necessary to choose among the various 
measures for A to reach our conclusion, it is 
the case that such a choice on the basis of R? 
would lead to the use of E, the only variable 
which consistently shows a significant posi- 
tive relationship with inflation.? 


II. Stock Returns and Real Economic Activity 


To examine the second part of his hy- 
pothesis, Fama estimates regressions of real 
stock returns (RS,) on several measures of 


sure used by Tanzi. Over a similar sample period, Tanzi 
found estimates of to be approximately 0.2 which 
implies an estimate of a= y, +6 which is positive (ap- 
proximately 0.1). 

*It should be noted that the lag structure of the 
regressors in our reported regressions is somewhat dif- 
ferent from that in Fama's equations. He places greater 
emphasis on future values of the real activity variables. 
As indicated in the introduction, our interest is from the 
perspective of Fama's challenge to conventional macro- 
economic theory. Therefore, our lag structure is ap- 
propriate for our purposes. In any event, it is the choice 
of real activity variable, not the lag structure, which 
plays the more important empirical role. 


VOL. 73 NO. 3 


RAM AND SPENCER: STOCK.RETURNS AND INFLA TION 467 


p TABLE 2— REGRESSIONS OF REAL STOCK RETURNS ON REAL ECONOMIC Activiry* 


Model Estimated Regression R? D-W 
Sample Period: 1953:1-1972:IV ii . 
L. RS, = —2401 -2.472 E, 33 1.98 
1 (—558) (—5.30) nae 
2. + R$ -2108-1697UNR, . - 30 204 . 
(-436) (-434) ^ : 
3. R$, = — 1.375 —.501GAP, .22 205. 
(-244) (—246) | i 
4. 3 í RS, = — 2.421 + .244GY, 20 ' 2.11 
" (-344) (2.22) 
Sample Period: 1953: 1-1978:IV : 
5. i RS, = —3.036 — 3.102 E, 47 .. 197 
| (689) (—7.54) DOM CUR 
6. "RS, = —3.978 — 1.692UNR, : noD ^ 27 
(-42) (—234) ^ Mur ` 
7. RS, = —3.152—.480GAP, ` Ble na 4S LM 
(-342) (—1.69) 
8. RS, = —4.020--2.88GY, 34 2.14 


(—4.56). (2.63) 


?See Table 1. 


real economic activity. We estimate similar 
regressions except that we use the same mea- 
sures of economic activity discussed in the 
previous section. The results are reported in 
Table 2 which has the same format as Table 
l. In a spirit similar to Fama's, these regres- 
sion estimates may be interpreted as reflec- 
tive of the association between real stock 
returns and real economic activity‘rather than 
being indicative of a causal structure. We 
also adopt the simplification of. abstracting 


from the distinction between anticipated and: 


actual stock returns and real activity, and 
investigate the relationship between -actual 
variables.” 

A perusal of the regression results in. Table 
2 makes it clear that the positive association 


between stock returns and real activity dis- | 


covered by Fama is a rather singular out- 
come which occurs when the growth rate of 
real GNP is the real activity variable. In each 
of the other cases, the association between 
real stock returns and economic activity is 
strongly negative, each of the relevant coeffi- 
cients being significant at least at the 10 
percent level. This finding is true for both 
time periods, although the results are espe- 
cially strong for the shorter period. USO. as 


9See fn. 8. The same remarks broadly apply to boti 
tables. 


is the case in regard to Table 1, using the 
criterion of the size of regression R?, equa- 
tions with the.employment-population ratio 
variable for economic activity seem superior 
to-others, and these equations appear to pre- 
sent the sharpest contrast to the sign of the 
correlation between stock returns. and real 
activity postulated by Fama. 

Thus, with regard to the relationship be- 
tween real stock returns and real economic 
activity, we find, contrary to Fama's hy- 
pothesis, considerable empirical evidence that 
suggests “a strong negative relationship. Al- 
though not consistent with Fama's position, 
such a negative association accords.well with 
the conventional view. of the relationship. 


. III. Discussion 


Fama has argued that the observed nega- 
tive correlation between real stock, returns 
and the rate of inflation is the consequence 
of a negative association between inflation 
and real economic activity along with a posi- 
tive association between real stock réturns 
and real. economic activity. He estimated 
many regression equations in an attempt to 
empirically support his hypothesis. As he 
points out; his results are at odds with con- 
ventional theories of the Phillips curve and 
the Mundell-Tobin hypothesis concerning the 
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relationship between these variables. As is 
well known, Mundell has developed a simple 
model in which an increase in the expected 
rate of inflation causes portfolio substitu- 
tions from money to financial assets which 
will reduce the real returns on such assets 
(for example, stocks). This reduction in real 
interest rates will stimulate real economic 
activity. Therefore, according to Mundell’s 
hypothesis, one would expect a positive as- 
sociation between inflation and economic ac- 
tivity and a negative association between real 
stock returns and economic activity, just the 
opposite of Fama's conjectures and empirical 
results but in broad conformity with the 
empirical results reported in our Tables 1 
and 2. 

While these results are consistent with the 
Phillips curve and the Mundell hypothesis, 
there remain important questions about the 
direction of causation. In particular, validity 
of the Mundell hypothesis would imply uni- 
directional causation from inflation to real 
stock returns while Fama's position is that 
stock returns "lead" the (anticipated) real 
activity levels which are reflected in (ex- 
pected) inflation rates. Fama acknowledges 
the importance of the causality issue, but 
suggests that his equations, even if true, 
would probably fail causality tests of the 
Sims type because one is “not likely to find 
the exact form of the true structural model 
or all of the exogenous variables" (1981, p. 
556). While there are well-known difficulties 
associated with these simple tests, it may be 
instructive to consider what they suggest. 
Indeed, the causality claims of the Mundell 
hypothesis are as likely, a priori, to fail such 
tests. 

In this spirit, we have employed Sims' test 
to explore the causal relationship of funda- 
mental concern: that between inflation and 
real stock returns. The nature of the test is 
clearly described by Sims: 


If and only if causality runs one way 
from current and past values of some 
list of exogenous variables to a given 
endogenous variable, then in a regres- 
sion of the endogenous variable on past, 
current, and future values of the exoge- 
nous variables, the future values of the 
exogenous variables should have zero 
coefficients. [p. 541] 
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We therefore estimated the regression of cur- 
rent real stock returns on current, past, and 
future rates of inflation and then tested the 
joint significance of future rates of inflation. 
We failed to reject the null hypothesis, and 
therefore the test results lend support to the 
claim of unidirectional causality from infla- 
tion to real stock returns. For further evi- 
dence, we also investigated the reverse 
regression: current inflation on past, future, 
and current real stock returns. In this case, 
the hypothesis that the coefficients on future 
real stock returns are jointly zero was 
rejected. Together, these results offer sig- 
nificant apparent evidence that, in our sam- 
ple period, we observe unidirectional causa- 
tion from inflation to real stock returns. This 
conclusion is consistent with the Mundell 
hypothesis, but inconsistent with Fama's 
postulates and empirical procedures. 


IV. Concluding Remarks 


Largely by taking the rate of growth of 
real GNP (or industrial production) as a 
measure of real economic activity and by 
deriving the inflation equation from a trans- 
formed money demand function, Fama has 
sought to explain negative correlations be- 
tween stock returns and inflation as the con- 
sequence of a conjunction of a negative as- 
sociation between inflation and real activity 
and a positive association between stock re- 
turns and real activity. In the process, he 
argued that the Phillips curve hypothesis was 
not borne out and that the Mundell hypothe- 
sis was not justified. 

Taking several other plausible variables as 
measures of real activity and employing an 
augmented Fisher-Phillips relationship as an 


In performing these tests, variables in the regres- 
sion equations were first “filtered” in order to produce 
white noise residuals. Each equation contained four 
quarter past and future values of the "exogeneous" 
variable. In the first regression (real stock returns on 
inflation), the F-statistic for the null hypothesis that 
coefficients on future inflation rates are jointly zero was 
1.64. The critical F (4,75) value at the 5 percent signifi- 
cance level is approximately 2.5. Thus we fail to reject 
the null hypothesis. In the second regression, the F-sta- 
tistic for the null hypothesis that future stock returns 
have zero coefficients was 3.88, and therefore the hy- 
pothesis is easily rejected. Further details are available 
from the authors. 
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inflation equation, we find evidence which 
suggests that each part of Fama's explana- 
tion can be essentially reversed; that there 
seems, on the whole, evidence of a positive 
association between inflation and real activ- 
ity (as theories of the Phillips curve would 
suggest) and a negative association between 
real stock returns and real activity (as the 
Mundell hypothesis would indicate). While 
we deliberately simplified our procedure by 
largely abstracting from the distinction be- 
tween anticipated and actual values, such a 
simplification does not seem to weaken the 
argument. The Sims-type “causality” tests 
conducted by us also tend to support the 
Mundell hypothesis rather than Fama's. Our 
explanation is certainly not startling as it is 
consistent with both the Phillips curve and 
Mundell-Tobin effects. 

We do not expect that our less than con- 
clusive evidence will finally settle the issue. 
Indeed, Fama has raised some questions 
which have yet to be fully answered. Never- 
theless, it would seem premature to abandon 
prevailing explanations of the negative corre- 
lation between the rate of inflation and real 
stock returns. To the extent that the evidence 
provided by us is persuasive, it would seem 
that one need not take recourse to explana- 
tions any more tedious than those suggested 
by Mundell and Tobin. 


APPENDIX: VARIABLES USED AND 
DATA SOURCES 


Inflation (J,): annualized rate (in per- 
centage points) obtained as follows: 


400 x [In (CPI), — In(CP1), ...], 


where (CPI), is the Consumer Price Index 
(CPI-W) for January, April July, and 
October of each year, and (CPI), , is the 
Consumer Price Index three months before. 
Data are from U.S. Department of Com- 
merce, Business Statistics, 1979. 

Nominal rate of interest (R,): the annual 
rate of return (in percentage points) on 
Treasury bills three months to maturity on 
the 15th of January, April, July, and October. 
Data are from Salomon Brothers. Note that 
January-April inflation is related to the 
mid-January estimate of R,, the rate of 
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Treasury bills three months to maturity. Thus 
our R, and I, variables correspond more 
closley than any other we know of since the 
closest point of time which the monthly CPI 
may be deemed to reflect is probably the 
middle of each month. 
Employment-population ratio (E,): aver- 
age for the three months of the calendar 


‘quarter as deviation from sample mean. 


Source: Citibank data tape. 

Unemployment gap (UNR,): [natural 
unemployment rate—actual unemployment 
rate]. Source: Robert J. Gordon and updates. 

GNP gap (GAP,): 100 x[(Actual real GNP 
— Potential real GNP)/Potential real GNP]. 
Source: Gordon and updates. 

Real GNP growth rate (GY,): (InY,— 
InY,_,)X400 where Y, is real GNP for the 
current quarter. Source: Business Statistics, 
1979, 

Real stock returns (RS,): [nominal stock 
return—rate of inflation]. The nominal stock 
return data are from the Center for Research 
in Security Prices of the University of 
Chicago. 
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Stock Returns, Real Activity, Inflation, and Money: Reply 


By EUGENE F. FAMA* 


I offer a few remarks on the stock return- 
inflation relations suggested by Rati Ram 
and David Spencer, in the hope of encourag- 
ing readers to pursue a more detailed com- 
parison of their work and my 1981 article. 

1) The Ram-Spencer model is internally 
inconsistent. They recognize that the model 
of James Tobin and Robert Mundell that 
they use implies a negative relation between 
real activity and the expected real return 
component of the interest rate.’ In their 
equation (5), however, they assume a positive 
relation between the expected real return and 
real activity. If they stick with the Tobin- 
Mundell model, the sign of the real activity 
coefficient in (6) becomes indeterminate, and 
their estimates in Table 1 provide no infor- 
mation about my money demand model for 
inflation. 

2) Ram and Spencer give the impression 
that the only real activity variables used in 
my tests are industrial production and real 
GNP growth rates. My tables also show re- 
sults for changes in capital expenditures by 
nonfinancial corporations and for changes in 
average real rates of return on their capital 
stocks. All four real activity measures show 
strong negative relations with inflation and 
strong positive relations with real common 
stock returns. Moreover, stock returns and 
inflation lead (predict) all of the real activity 
measures. 

3) To justify the alternative inflation 
model they propose, Ram and Spencer sug- 
gest several potential problems in the statisti- 
cal specification of my money demand model. 
These specification issues (for example, the 


*Graduate School of Business, University of Chicago. 

!Tn the interpretation of their results in Section III, 
Ram and Spencer state: “As is well known, Mundell has 
developed a simple model in which an increase in the 
expected rate of inflation causes portfolio substitutions 
from money to financial assets which will reduce the 
real returns on such assets (for example, stocks). This 
reduction in real interest rates will stimulate real eco- 
nomic activity" (p. 468). 
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role of an interest rate variable) are discussed 
in my 1981 article, and a reference to the 
more extensive tests in my 1982 article is 
provided. None of the concerns raised by 
Ram and Spencer are evident in the data. 
However, since they raise the issue, it is 
interesting to compare the specification of 
their inflation model with mine. 

(a) In the Ram-Spencer inflation model, a 
Cochrane-Orcutt transformation is needed to 
obtain well-behaved residuals. In other 
words, the explanatory variables of their 
model are not sufficient to explain all of the 
predictable variation in the inflation rate. In 
my money demand model for inflation, 
growth rates of money (the base) and real 
activity are sufficient to transform the highly 
autocorrelated inflation rates into white noise 
residuals. 

(b) The coefficients of determination in 
the Ram-Spencer inflation models include 
the explanatory power of the lagged inflation 
rate. Nevertheless, their coefficients of de- 
termination are always less than that (.74) 
from my money demand inflation model, 
which does not require the lagged inflation 
rate. My stock return regressions also do not 
include lagged stock returns as explanatory 
variables whereas theirs apparently do. The 
use of lagged returns (via a Cochrane-Orcutt 
transformation) is curious given the evidence 
that stock returns show little autocorrelation. 

4) The most powerful real activity vari- 
able in the Ram-Spencer stock return and 
inflation regressions is the employment to 
population ratio. Unlike the real activity 
growth rates I use, the employment to popu- 
lation ratio is a highly autocorrelated vari- 
able that wanders rather smoothly from lower 
to higher levels during the post-1953 period. 
(See my 1977 paper.)? The ratio is an excel- 


? Their other real activity variables, the real GNP gap 
and the difference between the natural and actual rates 
of unemployment, are likely to manifest similar signs of 
mean nonstationarity. 
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lent candidate for a spurious role in regres- 
sions where the dependent variables also 
show evidence of mean nonstationarity. I 
suspect that this is the role of the ratio in the 
Ram-Spencer inflation and stock return re- 
gressions. In their inflation regressions, which 
include the level of the nominal interest rate 
as an explanatory variable, the employment 
to population ratio probably just proxies 
(spuriously) for the kind of mean nonsta- 
tionary behavior of expected real returns 
documented in my paper with Michael Gib- 
bons, and by Charles Nelson and G. William 
Schwert (1977), among others. In the stock 
return regressions, the employment to popu- 
lation ratio probably just proxies for the 
mean nonstationarity of real stock returns 
captured in my regressions (but likewise 
spuriously) by the base growth rate or the 
expected inflation rate. This is, however, an 
old issue discussed in my 1977 exchange with 
John Carlson and Nelson-Schwert in this 
Review, in my 1981 paper, and in my 1982 
paper with Gibbons on the Tobin-Mundell 
model. 
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Currency Substitution and Instability in the 
World Dollar Standard: Comment 


By MYRON H. Ross* 


In his recent article in this Review, Ronald 
McKinnon states: “In general, growth in the 
world money supply is a better predictor of 
American price inflation than is U.S. mon- 
ey growth" (p. 324). In support of this, Mc- 
Kinnon gives data in two tables on world 
money supply percentage increases and rates 
of inflation in ten industrial countries. He 
asserts that by lagging his rates of inflation 
one or two years after the money supply 
growth rates, this conclusion is supported. 
Surprisingly, he gives no systematic evidence 
to support his conclusion. 

The evidence, in fact, contradicts McKin- 
non's conclusion. As shown in Table 1, world 
money supply is an inferior predictor of U.S. 
inflation compared with U.S. money supply. 
For example, with a one-year lag of inflation 
behind the growth rate of the money supply, 
U.S. money supply changes and U.S. price 
level changes have a rank correlation of 0.72 
(col. 2. In contrast, world money supply 
changes and U.S. price level changes have a 
rank correlation of 0.29. (col. 1) *Domestic 
monetarism," where.the Federal Reserve uses 
a money growth target (or, for that matter, 
"domestic Keynesianism" which uses an 
interest rate target), may be inefficient as 


*Western Michigan University. 
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'TABLE 1 —SPEARMAN RANK CORRELATION 
COEFFICIENTS OF PERCENTAGE CHANGES IN MONEY 
SUPPLY AND PERCENTAGE CHANGES IN THE 
PRICE LEVEL, 1960-80? 


Money: World U.S. World 
Price Level: U.S. U.S. World 
One-Year Lag 0.29 0.72 0.35 
Two-Year Lag 0.59 0.76 0.58 


*All data are from McKinnon’s Tables 1 and 2. The 
money supply is M1, and the price level is the wholesale 
price index. The ten industrial countries are: United 
States, Canada, Japan, United Kingdom, Germany, 
France, Italy, Netherlands, Belgium, and Switzerland. 
To determine mean money supply growth rates and 
mean rates of inflation, each country has a weight equal 
to 1970 nominal GNP. 


McKinnon argues, because it ignores the 
foreign exchanges. However, the evidence 
appears to indicate that ignoring the foreign 
exchanges is probably not a significant 
shortcoming of “domestic monetarism.” 


REFERENCE 


McKinnon, Ronald L, “Currency Substitu- 
tion and Instability in the World Dollar 
Market,” American Economic Review, June 
1982, 72, 320-33. 


Currency Substitution and Instability in the 
World Dollar Standard: Reply 


By RONALD MCKINNON AND KONG-YAM TAN* 


Myron Ross correctly points out in his 
comment that U.S. price inflation is better 
predicted by the American money supply 
(MIS) than by the broader ten-country 
world money supply (M1") over the whole 
statistical time-series from 1960 to 1980 pro- 
vided in McKinnon's 1982 article. Specifi- 
cally, he showed that American price infla- 
tion is more highly correlated with M1% 
lagged one or two years than with M1" 
similarly lagged. 

However, McKinnon's present-tense asser- 
tion that “In general, growth in the world 
money supply is a better predictor of 
American price inflation than is American 
money growth" applies only to the weak 
dollar standard of the 1970's and early 
1980’s—as his preceding discussion in- 
tended, but failed to indicate clearly. Only in 
this later period of volatile exchange rates 
and price-level instability in the United States 
do alternative hard currencies (such as the 
yen and deutsche mark) become competitive 
as international stores of value and units of 
account. Hence, international currency sub- 
stitution—associated with the ebb and flow 
of speculation against or for the dollar—sig- 
nificantly destabilized the demand for M14 
in the 1970’s and 1980’s. And only in this 
later period might one expect the sum of 
these internationally substitutable monies, 
M1", to predict world, and perhaps even 
American, price inflation better than does 
MIS, 

In contrast, during the strong dollar stan- 
dard of the 1950’s and 1960's, the dollar was 
unchallenged as international money. Ex- 


*Stanford University. Please note that a typographi- 
cal error giving the last word in the original title as 
“Market” appeared on the cover of the June 1982 issue 
of this Review. The title was correct in the table of 
contents and on the article. 
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change rates were (by and large) convinc- 
ingly fixed: speculation for or against the 
dollar was incapable of substantially altering 
U.S. interest rates or of directly affecting the 
demand for M145, Because cyclical: interna- 
tional influences did not then destabilize the 
demand for dollars, M14 was by itself a 
fairly efficient predictor of American prices. 
Thus Ross’s statistical results for the period 
1960 to 1980 show somewhat greater predic- 
tive strength in M14, compared to M1", 
because the 1960's data outweigh the dissimi- 
lar data of the 1970's. 

Let us instead partition the sample of IMF 
data around the year 1970, whence began the 
transition from fixed to fluctuating exchange 
rates and the maturation of alternative 
monetary systems in Europe and Japan. After 
applying similar statistical correlation proce- 
dures to those used by Ross, we show a 
striking structural shift in the world's mone- 
tary system: the explanatory power of M1” 
increases sharply as that of M1¥ declines 
moderately (Tan, 1982). 

For the early period of 1960 to 1970, 
Table 1 shows simple correlation coefficients 
between annual percentage changes in mon- 
ey supplies and changes in American and 
world wholesale price indices. The M1 pro- 
vides a good explanation of U.S. prices and 
of world prices one to two years hence, 
whereas the broader definition of M1” (in 
which M1'5 enters with a 50 percent weight) 
does surprisingly poorly, being insignifi- 
cantly correlated with American or world 
prices. Apparently, money growth in in- 
dustrial countries other than the United 
States was not then an independent source of 
worldwide inflationary pressure during the 
strong dollar standard. 

Table 2 shows the same simple correla- 
tions between percentage changes in prices 
and money for the weak dollar standard of 
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TABLE | —SIMPLE CORRELATIONS BETWEEN WHOLESALE 
PRICES AND LAGGED MONEY SUPPLIES: 1960—70 


Money Supply: US. US. World World 
Price Level: US. World US. World 
. One-Year Lag 0.71 0.52 0.13 0.03 
Two-Year Lag 0.64 0.76 ~0.16 0.04 


Source: Percentage charges in money supplies and in 
prices taken from Tables 1 and 2 of McKinnon. 


TABLE 2—SIMPLE CORRELATIONS BETWEEN WHOLESALE 
PRICES AND LAGGED MONEY SUPPLIES: 1970-81 


Money Supply: US. US. World 
Price Level: US. . World US. 


World 
World 


One-Year Lag 0.46 0.35 0.12 0.05 
Two-Year Lag 0.71 0.67 0.86 0.86 


Source: Same as Table 1. Data for 1981 ‘calculated 
similarly from IMF International Financial Statistics. 


1970-81.' The explanatory power of M14 
declines somewhat—rather more in its abil- 
ity to predict world prices in comparison to 
the earlier period. More striking is the in- 
creased ability of M1", lagged two years to 


lIn McKinnon's earlier article, IMF data up to the 
end of 1980 were used. Adding more recent data for 
1981 does not significantly change any of the correlation 
coefficients. 
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predict both world and American prices: in 
Table 2 the simple correlation coefficients 
are .86 for both— which is higher than the 
equivalent coefficients for M15. On the other 
hand, M1” appears to have little or no pre- 
dictive power after a one-year lag. Because 
the monetary data are end-of-year stocks 
while the price data are ovér-the-year aver- 
ages, what appears as a two-year lag in the 
tables is really closer to one and one-half 
years; and what appears as a one-year lag is 
effectively only six months. 

After this transition from a strong to a 
weak dollar standard, these statistics suggest 
that the money supplies of other industrial 
countries, which make up approximately 
one-half of the statistical index M1V, now 
exert a stronger independent influence on 
both world and American prices. Whether or 
not M1”, when used by itself, predicts 
American prices better than does M1US is 
not critical to establishing that such an im- 
portant structural change has actually oc- 
curred. Nevertheless, McKinnon's earlier 
assertion quoted by Ross, that M1" by itself 
is better than M1'5 by itself for predicting 
American prices, is valid for the period 
1970—81 of the weak dollar standard. 

Testing this assertion requires the use of 
multiple regressions that simultaneously al- 
low for both one- and two-period lags in the 
impact of monetary changes. Table 3 shows 


TABLE 3— REGRESSION OF U.S.. WHOLESALE PRICES ON 
AMERICAN AND WORLD MONEY STOCKS 


(LAGGED ONE AND TWO YEARS) 


Constant MUS M14, R? D-W Period 
pus .—-126 0.46 0.39 0.59 1.56 1960-70 
(71.78) (2.44) (2.42) 
— 5.86 0.82 1.54 0.53 1.02 1970-81 
(7141) (1.58) (3.06) 
MY, MI”, 
21 0.03 —0.16 —025 0.85 1960—70 
(0.42) (0.06) (7031) 
—6.52 —0.13 1.88 0.70 1.86 - 1970-81 
(— 1.66) (—0.40) (5.04) 


independent variable, PYS, start two years into each period. 


Source: Same as Table 2. Note: t-statistics are shown in parentheses. Data on the 
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the consequences of regressing changes in 
U.S. prices on M14, and M1'S, and then 
on M1”, and M1™,. For 1970-81, the R? 
adjusted for degrees of freedom in the multi- 
ple regression equation using M1US is 0.53 
and the R? using M1" is 0.70. To check that 
this difference is significant, we did an F test 
by comparing the total explained variance in 
American prices when only M14 was used 
(lagged one and two periods) to that ex- 
plained by an equation using both M1US 
(lagged one and two periods) and the incre- 
mental variable M1" — M1US (lagged two 
periods). The money supplies of other in- 
dustrial countries were thus found, at the 95 
percent level of confidence, to add signifi- 
cantly to the explanation of American prices. 

Other information from the foreign ex- 
changes remains to be incorporated. Never- 
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theless, that contained in M1” alone suggests 

that the doctrine of domestic monetar- 
ism—where American authorities consider 
only American monetary aggregates—has ' 
become obsolete. 
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The Short-Run Relation Between Growth and inflation 
in Latin America: Comment 


By SEBASTIAN EDWARDS* 


In analyzing the relationship between un- 
anticipated monetary policy and growth for 
a group of Latin American countries, using 
the approach of Robert Lucas (1973) and 
Robert Barro (1977), James Hanson con- 
cludes that for these countries, “[A]s a rule 
of thumb, ten percentage points of unex- 
pected inflation raise output about one per- 
centage point above trend..." (1980, p. 987). 
However, Hanson's results are not robust 
and depend critically on the functions he 
uses to generate expectations of monetary 
growth. If more general monetary processes 
are used, and open economy considerations 
are introduced into the analysis, Hanson's 
results are substantially changed. 

The purpose of this comment is to show 
that when a monetary process that explicitly 
incorporates the role of fiscal deficits is con- 
sidered, Hanson's general result —suggesting 
an elasticity of .10 between output growth 
and unexpected money for all these countries 
— does not hold.! In particular, this alterna- 
tive monetary process indicates that these 
countries exhibit very different behavior with 
respect to the relationship between unex- 
pected money and growth. Furthermore, 
Lucas' proposition of an inverse relationship 
between the effect of (unexpected) monetary 


*University of California-Los Angeles, and National 
Bureau of Economic Research. The research reported 
here is part of the NBER's research program in Interna- 
tional Studies. Opinions expressed are my own and not 
those of the Bureau. I am indebted to Michael Darby, 
Alejandra Cox, Max Fry, and an anonymous referee for 
helpful comments. 

'On the relationship between money creation and 
fiscal deficits see, for example, Arnold Harberger (1964, 
1978), Ricardo Ffrench-Davis (1973), Bijan Agheveli 
and Mohsin Khan (1978) and Werner Baer and Paul 
Beckerman (1974). Hanson (1980, p. 975) acknowledges 
the importance of money creation as a source of govern- 
ment revenue in Latin America. However, he does not 
incorporate the fiscal deficit as an explanatory variable 
in his money supply processes. 
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policy and the variability of the money supply 
seems to hold for these countries. My paper 
also incorporates into the analysis the fact 
that these countries are open economies. This 
is done in three ways: 1) changes in the 
terms of trade are explicitly incorporated as 
possible determinants of growth; 2) for the 
case of Mexico— which maintained a fixed 
exchange rate during most of the period— 
domestic credit is also used as the relevant 
policy variable; 3) the possibility that all 
these countries are subject to common exter- 
nal shocks is incorporated explicitly in the 
estimation procedure.” 

Hanson's study is based on the estimation 
of equations for Brazil, Chile, Colombia, 
Mexico, and Peru of the following type: 


(1) 


where Y, is the log of real output, DY, = 
(log Y, — log Y, ,), and DMR, is the unex- 
pected change in the /og of the quantity of 
money. Hanson tries several specifications 
for DMR,. Some of his best results are ob- 
tained when DMR, is replaced by actual 
changes in the quantity of money DM, (see 
his Table 1), and when DMR, is defined as 
actual growth of the quantity of money minus 
past inflation— DMR, — DM, — DP, , (see 
his Table 4). Table 1 presents the results 
obtained from the estimation of equation (1) 
using these definitions of DMR,. Even though 
the data used do not correspond exactly to 


DY,-a,;ta,DMR,*tu,, 


?On the relationship between growth and monetary 
policy in an open economy using a Lucas-Barro type of 
framework see Leonardo Leiderman (1979), Mario Blejer 
and Roque Fernandez (1980) and Michael Darby (1983). 
Barro (1978) also included a terms of trade variable in 
his study of the U.S. case. An alternative way of intro- 
ducing open economy considerations is to include the 
growth of international reserves in the money supply 
equation. Results obtained using this formulation for 
the case of Latin America do not alter the results 
presented in this paper. 


478 THE AMERICAN ECONOMIC REVIEW 


JUNE 1983 


TABLE 1 —GROWTH OF OUTPUT AND MONEY GROWTH IN LATIN AMERICA 


Brazil Chile 
1952—74 1952—70 
A. DY, = a5 t a,DM, t w, 
aj .107 040 
(4.340) (1.930) 
ai —.103 —.012 
(1.481) (.198) 
R? .109 .003 
D-W 1.123 1.303 
B. DY, = a¥' + af(DM, — DP, _)+ w* 
at’ .063 032 
(7.428) (6.258) 
at .159 142 
(2.073) (3.035) 
R? .193 365 
D-W 1400 — 2.263 


Colombia Mexico Peru 
1951-74 1950-74 1951-74 
.018 .036 .033 
(1.107) (2.889) (3.019) 
190 , 227 .131 
(1.926) (2.220) (2.448) 
0.171 206 -261 
2.047 2.046 1.227 
.049 .045 042 
(8.821) (8.197) (5.906) 
002 .239 .148 
(.031) (3.711) : (2.748) 
.001 420 308 
1.825 2.074 1.192 


Note: The data sources are described in the Appendix. Absolute t-statistics are shown in parentheses. R? refers to the 
coefficient of correlation and D-W is the Durbin-Watson statistic. 
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Hanson’s, the results are very similar.? These 
results were obtained, as in Hanson’s paper, 
using a narrow definition of money (Mj). 
When a broad definition of money is used, 
however, the results are similar. These re- 
sults, together with pooled estimations, con- 
stitute the base of Hanson's analysis. How- 
ever, as is shown below, once fiscal deficits 
and open economy factors are introduced, 
the similarity across countries of output re- 
sponse to monetary changes reported in Ta- 
ble 1 tends to disappear. 


I. Fiscal Deficit and Monetary Growth 
in Latin America 


A well-known feature, of developing coun- 
tries in general, and Latin American coun- 


31 have followed, as far as possible, the indications in 
Hanson's (p. 979) paper to construct my data. However, 
I have deliberately introduced some changes. In particu- 
lar, I have used ECLA’s data on GDP for Brazil and 
Mexico, since it is well known that the ZFS data set 
contains serious flaws in these series for the earlier 
periods. In private communication, Hanson has indi- 
cated to me that his monetary data for Colombia was 
taken from the Banco de la Republica Bulletin. In this 
comment, however, the monetary data for Colombia 
and other countries—except Chile—are yearly averages 
constructed from the IFS data. See the Appendix for 
further details on the data. The nonsignificance of af 
for Colombia contrasts with Hanson’s results. The rea- 
son for this is the different monetary series used. 


tries in particular, is that money creation is 
an important source of government revenue 
(see, for example, Harberger, 1964, 1978; 
Ffrench-Davis; and Baer-Beckerman). In this 
section, I present results obtained from the 
estimation of monetary growth equations that 
incorporate explicitly the role of the fiscal 
deficit in money creation. Specifically, it is 
assumed that in every period the growth of 
the quantity of money responds partially to 
the current fiscal deficit, and to past rates of 
money creation: 


: k 
2) DM,—-a,-* 2, «,DM,_;+ BDEF, + w,, 
t 0 i i t 


i=] 


where DEF, is the ratio of the fiscal deficit to 
the quantity of money in t — 1. The residuals 
obtained from the estimation of this equa- 
tion [¥, = DM, — DM,] are used in Section II 
as a measure of unexpected money.* 


‘It is important to note that the use of equations of 
this type to generate expectations of money growth 
implicitly assumes that their parameters are stable 
through the period. The reason for this is that, as Barro 
(1977, p. 105-06) has pointed out, this procedure uses 
future information (not available at f — i) to-generate ` 
the estimated a parameters. If these parameters are not 
stable, however, a period-by-period sequential updating 
procedure should be implemented. 
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TABLE 2— MONETARY GROWTH AND FISCAL DEFICIT IN LATIN AMERICA 
4 
DM, = ag - Y, a;DM, ; * BDEF, u, 
i=l 
Monetary 
Equation Aggregate Constant a, a3 0 p SEE D-W R? F 
(2.1) Brazil M2 054 904 —.529 343 — 392 .0530 1.858 .829 18.17 
(1.455) (4.585) (1.992) (1.870) (3.285) 
(2.2) Chile M2 .138 .739  —.358 — — .083 .0797 1.632 .427 3.98 
(.880) (2.844) (1.175) (.709) 
(2.3) Colombia M2 — 064 .598 | —.067 .730 — 576 .0336 1.918 .594 5.60 
(.878) (3.152) (279) (2.538) (3.719) 
(2.4) Mexico M1 .107 901 —.971 .212 — .088 .0189 1.676 .746 11.75 
(2.993) (4.507) (5.406) (1.262) (2.487) 
(2.5) Mexico Domestic .021 .987  —.806 .696 — —.403 .0592 1.807 .525 10.87 
Credit (.307) (3.563) (3.042) (2.129) (.424) 
(2.6) Peru M1 .085 .164 —.329 .062 332 .343 .0782 1.631 .613 3.80 
` (1.353)  (.790) (1.519) (.291) (1.573) (3.165) 


Notes: Absolute t-statistics in parentheses. SEE refers to standard error of the regression. 


Table 2 presents the estimates of equation 
(2) for five Latin American countries. In 
most cases, k equals 3. For Chile, however, k 
equals 2, and for Peru, k'equals 4, to produce 
white noise residuals. In addition, for 
Mexico— the only country in the sample that 
had a fixed exchange rate for most of the 
period—an equatión for domestic credit is 
also reported.? As may be seen, in most cases 
the estimated coefficient for DEF, is positive 
and significant. Also note that in all cases, 
the F-statistic indicates that the regression is 
significant at conventional levels. The 
Durbin-Watson statistic, and analysis of the 
autocorrelation functions of the residuals 
using the Box-Jenkins procedure show that 
the residuals of these monetary equations are 
white noise, indicating that they are ap- 
propriate candidates for the measure of un- 
expected money. An important characteristic 
of the money equations presented in Table 2 
is that, when measured by the standard devi- 
ation of. the prediction error, they outper- 
form simple autoregressions and past infla- 


5For all countries, equations for M;, M;, and domes- 
tic credit were fitted. However, due to space considera- 
tions, only the "best" results—as measured by tbe 
standard error of the regression—are reported in Table 
2. For the cases of Brazil, Colombia, and Peru, the 
residuals from the domestic credit equations exhibited 
serially correlated errors. 


tion in predicting actual changes in the 
money stock.® 


II. Monetary Shocks and Growth 
in Latin America 


This section reexamines the relationship 
between growth and unexpected monetary 
policy in Latin America, using the residuals 
from the money supply equations reported in 
Table 2 as a measure of unexpected money. 
The possible role of changes in terms of 
trade (DTOT,) in these countries’ growth is 
also investigated. For each country, the fol- 
lowing equation was estimated: 


i k 
(3) DY, =ô + Y wDMR,., 
i-0 
+ ODTOT,  ($ TIME)- &,, 


where DMR,. , are residuals from the estima- 
tion of equation (2).’ The time variable is 


‘With the exception of one case, Chile (when 
three-period lagged inflation is used to predict money), 
these equations' predictive power outperforms those 
used by Hanson. 

TIt is important to note that the parameters of equa- 
tions (2) and (3) are related, and that both could be 
estimated simultaneously imposing cross-equation re- 
strictions. Results obtained using this approach for these 
Latin American countries confirm the main conclusions 
presented herein. 
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TABLE 3— OUTPUT GROWTH AND UNEXPECTED MONEY IN LATIN AMERICA: ORDINARY LEAST SQUARES RESULTS 
DY, = 6, + Zy, DMR,.., + ÓDTOT, + 6TIME + e, 


Monetary 
Equation Aggregate — Yo 1 Y * 0 $ DW R F° PFP 
(3.1) Brazil M2 —6.106 —.040 —.087 —.423 — 273 023 .003 1.813 .546 1.60 1.02 
(1235) (176) (382) (1.775) (1.252) (L 136) (1.248) 
(3.2) Chile M2 035  —.031 ~—.064 —.086 -012 1 — 1.587 413 99 35 
(4.609) (348) (581) (866) (132) (2: 905) 
(3.3) Colombia M2 055 153 113 021 289 028 — 2,367 419 130 1.11 
(13.474) (1.093) (669) (116) (1.566) (611) 
(3.4) Mexico Mi .073 472 741 526 176 .188 — 1.966 .484 1.69 1.35 
(11.835) (1.494) (2.139) (1.326) (472) (1.961) 
(3.5) Mexico Domestic .063 —.084 —.060 —.222 024  .116 — 1.998 377 1.09 .73 
Credit (11.114) (680) (482) (1667) (207) (1.164) 
(3.6) Peru MI .053 .303 .118 .054 .064 062 — 1.861 .524 1.98 223 
(8.269) (2.750) (1.253) (600) (689) (949) 


Notes: Absolute t-statistics in parentheses. 
a F-test for the significance of the regression. 


P F-test for the significance of the y;s as a group. The null hypothesis is y; = 


included only for Brazil in order to reduce 
the degree of serial correlation- observed in 
the residuals. 

In the analysis, k ranges from zero to 
three. There are several ways to justify the 
inclusion of lagged values of DMR in equa- 
tion (3). First, as Barro (1978, p. 553) has 
argued, lagged DMRs may capture the ef- 
fects of unexpected monetary shocks on stock 
variables (like capital) that are carried for- 
ward. The inclusion of lagged values of DMR 
also pick up both short- and long-run effects 
of monetary shocks on growth. While y, 
captures the short-run effect of unexpected 
monetary shocks, Y oy, captures the long- 
run effect of these shocks. This interpreta- 
tion of the coefficients of lagged values of 
DMR in an equation of the type of (3) has 
recently been suggested by Roger Kormendi 
and Philip Meguire (1981). Furthermore, if 
the natural rate hypothesis is true, X^ oy, 
should not be significantly different from 
Zero. 

Equation (3) was estimated in two alterna- 
tive ways. First, OLS were applied for each 
country, using the residuals from the mone- 
tary process equations reported in Table 2 as 
measures of unexpected money. Second, 
equation (3) was also estimated using Arnold 
Zellner's (1962) seemingly unrelated regres- 
sion procedure (SURE) for the cases of 


0, i= 0,...,3. 


Brazil, Colombia, Mexico, and Peru for 
1954—74. Since all these countries are open 
economies, and hence subject to common 
external shocks, the residuals (e,: t —1, 7) 
from the growth equations for each of them 
could be correlated. The use of this GLS 
procedure is superior to simply pooling the 
different equations since it still allows for 
differences in the y,s across countries. 

The results obtained from the OLS esti- 
mate of equation (3) are reported in Table 3. 
Table 4, on the other hand, contains the 
seemingly unrelated regression results from 
the simultaneous estimation of equations 
(3.1), (3.3), (3.4), and (3.6) for Brazil, Colom- 
bia, Mexico, and Peru.® As can be seen, the 
results are very different across countries. 
For Brazil and Chile, no evidence was found 
of a significant effect of unexpected money 
on output growth. .On the other hand, some 
evidence of significant positive effects of un- 
expected money on growth was found for 
Colombia, Mexico, and Peru. The significant 
coefficients for unexpected money changes, 


*Chile was not included in the SURE estimations in 
order for the estimations to be based on a longer time 
period. Other sets of equations.were also simultaneously 
estimated using SURE. The results are not reported here 
due to space considerations. Equation (3) was also 
estimated in terms of levels. The results obtained sup- 
port the conclusions presented in this paper. 


VOL. 73 NO. 3 EDWARDS: GROWTH AND INFLATION 481 
TABLE 4— OUTPUT GROWTH AND UNEXPECTED MONEY IN LATIN AMERICA: 
SEEMINGLY UNRELATED REGRESSIONS RESULTS 
DY, = 89 + Zy; DMR,.., + @DTOT, + 9TIME + s, 
Monetary 
Equation Aggregate 8o Yo Yı Y2 3 0 $ 
(4.1) Brazil M2 — 6.134 — 048 — 052 — 445 — 296 020 .003 
(1.312) (.217) (.235) (1.940 . (1.409 (1.00) (1.326) 
(4.3) Colombia M2 .055 .195 .069 .060 298 .016 — 
(13.718) (1.839) (.481) (.404) (2.058) (412) 4 
(44) Mexico Mi 074 246 .632 .538 3202 .269 — 
(12.749) (.942) (2.237) (1.553) (647) (3.637) 
(4.6) Peru Mi 052 325 138 066 .051 .060 
(8.198) (2.965) — (1.481) (751) (.553) (.941) 


Note: Absolute t-statistics in parentheses. 


however, vary widely in both magnitude and 
lags.? The results for Mexico are particularly 
interesting. While none of the y,s is signifi- 
cant when unexpected changes in domestic 
credit are used, a positive, significant coeffi- 
cient for y, is found when M, is used as the 
relevant monetary aggregate. This is, to some 
extent, surprising, since one would expect 
that in the case of a small open economy 
with fixed exchange rates, domestic credit 
would be the relevant policy variable. The 
results presented in Tables 3 and 4 also 
indicate that changes in the terms of trade 
are positively related to output growth in 
these countries (0 is positive in all cases). 
These coefficients, however, are only signifi- 
cant at the conventional levels for the cases 
of Chile and Mexico. 


IIl. Money, Inflation, and Growth 
in Brazil and Chile 


According to the discussion presented in 
the preceding section for Brazil and Chile, 
unexpected monetary changes have no ef- 
fects on output growth. These results, how- 


°As may be seen in Table 3, the null hypothesis that 
the y;s are significant as a group cannot be rejected at 
the conventional levels. Also, for all countries except 
Peru, the hypothesis Xf gy; = 0 cannot be rejected at the 
5 percent level. 1 

V'Blejer and Fernandez, in their study on Mexico 
that distinguishes between tradable and nontradable 
goods, have found a positive effect of unexpected in- 
creases in domestic credit on nontradables output. 


ever, appear to be inconsistent with Hanson's 
findings— reported in panel B of my Table 
1. This inconsistency is more apparent than 
real, and is due to the peculiar definition of 
unexpected money used by Hanson." In 
order to investigate this problem further, I 
reestimated Hanson's equations without re- 
stricting the coefficients of DM, and DP, , 
to be equal and opposite. The results for 
Brazil and Chile are 


Brazil: 
DY,=.098+ .050 DM,-— .159 DP, ,, 
(4.439) (.536) (2.250) 


D-W =1.747; R? 2.313; F = 3.87. 
Chile 
DY,=.040+ 045 DM,- .065 DP,,, 
(1.980) (.611) (1.361) 


D-W = 2.167; R? =.119; F=.95. 


In both cases, the coefficient of actual 
money changes is not significant, while the 
coefficient for past inflation is significantly 
negative for Brazil. Furthermore, the restric- 
tion imposed by Hanson of equality (with 


"Note, however, that theoretically, under certain 
restrictive assumptions (expected money growth equals 
growth in nominal money demand, and expected rate of 
inflation equals past inflation), it is possible to relate 
(DM, — DP,..j) to unexpected money growth. 
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opposite signs) of the coefficients of DM, 
and DP, , is rejected at the conventional 
levels for Brazil When these results are 
looked at from this perspective, they are 
perfectly consistent with my above findings 
in Section II: in these highly inflationary 
countries, money growth (actual and unex- 
pected) has no effect on output growth. 
However, inflation tends to have a signifi- 
cantly negative effect on growth in these 
countries. 


APPENDIX 


Real Income: for Colombia it is real GDP 
taken from the International Financial Statis- 
tics (IFS); for Peru and Brazil, real GDP 
obtained from U.N. National Accounts was 
used; for Mexico, real GDP from ECLA, as 
reported in UCLA’s Statistical Abstract of 
Latin América, was used; for Chile, data on 
real GDP taken from Ffrench-Davis were 
used. 

Money (MI and M2) and Domestic Credit: 
for Brazil, Colombia, Mexico, and Peru, 
yearly averages constructed from the [FS 

.raw data were used. For Chile, the series 
reported in Ffrench-Davis was used. 

Prices: for Brazil, Colombia, Mexico, and 
Peru, the data were taken from the IFS; for 
Chile, the Ffrench-Davis series was used. 

Terms of Trade: taken from ECLA’s 
* América Latina: Relación de Términos de 
Intercambio, 1928-1976." 

Fiscal Deficit: for Brazil, Colombia, and 
Peru, the data were taken from the IFS; for 
Chile, data from Ffrench-Davis were used; 
for Mexico, Anuario Estadístico Compendiado 
(various issues). 
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The Short-Run Relation Between Growth and Inflation 
in Latin America: Reply 


By JAMES A. HANSON* 


Sebastian Edwards uses a new, “unex- 
pected" money variable— based on the addi- 
tion of the contemporaneous fiscal deficit to 
my autoregressive money growth equations 
—to argue that 1) in Brazil and Chile there is 
no significant relationship between unex- 
pected money growth and output growth, 2) 
unexpected money growth has different 
estimated effects on output in Colombia, 
Peru, and Mexico, and these effects substan- 
tially exceed those estimated in Brazil and 
Chile, and 3) thus my 10 percent rule for the 
effect of unexpected money growth on out- 
put growth does not hold. In addition, 
Edwards incorporates the terms of trade in 
his output equations and finds they are im- 
portant in the case of Chile and Mexico. 
Finally, Edwards takes issue with my use of 
lagged inflation to explain output. 

Edwards and I use somewhat different 
data, not only in terms of sources, but also 
Edwards often uses M2 rather than M1 in 
reporting his best results. However, Edwards' 
and my basic results are broadly similar 
(compare his Table 1 and my original Tables 
1 and 4). This is encouraging, and in general 
makes it seem not worth quibbling over the 
differences in data. However, there is one 
difference which affects the results that I will 
discuss later. 

The inclusion of the fiscal deficit in the 
money growth equation is a key difference in 
our work. As I pointed out in my earlier 
article, fiscal and monetary policy often are 
closely related in Latin America. Thus it is 


"World Bank. The views and interpretations ex- 
pressed in this article are my own and should not be 
attributed to the World Bank, its affiliated organiza- 
tions, or to any individual acting in their behalf. 

‘Edwards also uses the seemingly unrelated re- 
gression technique to take into account possible interre- 
lationships in the error terms across countries. Judging 
from the reported :-statistics, this procedure did not 
improve the fits greatly. 
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not surprising that Edwards finds the deficit, 
(divided by lagged money) is a significant 
factor in explaining money growth. However, 
the point is not to explain money growth, but 
to estimate a relationship which the public 
could have been using to predict how much 
money, and thus nominal aggregate demand, 
has grown since the last observation on the 
money stock.” 

It strains credulity to assume that, in Latin 
America, the budget deficit could be used by 
the public to estimate money growth contem- 
poraneously. Data on the cash deficit usually 
are available publicly only with a long lag. 
Moreover, many alternative versions of a 
deficit, involving creative accounting meth- 
ods, are reported. For example, for many 
years in Colombia, the reported deficit, which 
is available with about a one-quarter lag, 
treated both the unspent portion of the 
budget and the accounting profits from the 
revaluation of the local currency value of 
exchange reserves as income; procedures 
which caused great confusion inside as well 
as outside the government. Despite such 
problems, the cash deficit still might be use- 
ful as a monetary growth predictor; for ex- 
ample, it may be correlated with some other 
easily available contemporaneous indicator 
of money growth. However, its usefulness 
can best be judged from a comparison of the 
results when the deficit is used only as the 
money growth predictor to determine unex- 
pected money (a constrained equation) with 
those obtained when it is used as an addi- 
tional independent variable (an uncon- 
strained equation), a test Robert Barro has 
suggested in another context. 


?Surprisingly, the deficit is not significant in explain- 
ing domestic credit in Mexico. This result and the 
estimated negative relationship between Edwards 
domestic credit series and output suggest a problem in 
the domestic credit variable. 
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Lacking such a comparison, it is still possi- 
ble to make some judgement by comparing 
Edwards’ output results, which include the 
fiscal deficit as a monetary predictor, with 
my results excluding it. Aside from some 
rather large coefficients for Mexico, Ed- 
wards' results (Table 3) are broadly similar 
to those in my Table 2—unexpected mone- 
-tary growth has a negative, insignificant im- 
pact on output growth in Brazil and Chile, 
and positive effects in Colombia and Peru. 
The differences are only that 1) Edwards 
includes some lagged unexpected mon- 
ey terms, 2) in the cases of Colombia, Peru 
and, especially Mexico, his coefficients are 
somewhat larger than I obtained, and 3) the 
time pattern of significance differs, though 
given the significance of his coefficients it 
may be hard to reject the hypothesis of only 
contemporaneous effects of unexpected 
money growth. Why then do we obtain such 
different conclusions? 

I did not claim that the countries re- 
sponded similarly to unexpected money 
growth when autoregressive predictors of 
money growth were used in all five countries. 
Indeed, such a result would refute the Lucas 
hypothesis since both my and Edwards 
estimates indicate large differences in the 
standard error of the regression (SEE) of 
the predictor of money growth and some 
deviations from Lucas' hypothesis. In partic- 
ular, Peru has a relatively large SEE in the 
monetary prediction equation, but has one of 
the largest and most significant coefficients 
of unexpected money growth in the output 
equation.’ It is only when I used past infla- 
tion rates (December to December) as re- 
gressors to predict money growth'in Brazil 
and Chile that I obtained first, a positive 
(though still insignificant) relationship be- 
tween unexpected money and output growth 
in these two countries, and second, similar 
SEEs for the monetary predictor and coeffi- 
cients in the five countries which did not 


J Edwards confuses predictability (measured, for ex- 
ample, by the SEE) with variance in money growth, in 
arguing that his reports support Lucas' hypothesis of the 
inverse relationship between unexpected inflation and 
the response of the economy to unexpected monetary 
growth. 
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differ significantly from each other or from 
1. (See my Table 3.) Both these results differ 
from Edwards' because he uses what is basi- 
cally an autoregressive predictor of money, 
rather than one based on past inflation. 

The use of past inflation rates as regres- - 
Sors to obtain predictions of money growth 
can be rationalized in many ways. (See for 
example, Thomas Sargent and Neil Wallace.) 
In addition, as a standard of comparison, I 
tried a simplified (constrained) version of 
this approach, using only the well-known 
proxy of lagged inflation as the predictor, 
and obtained relatively good results. How- 
ever, as mentioned in the earlier article, it is 
important to use the December-to-December 
price changes in the two high-inflation coun- 
tries.* Motivated by Edwards’ questioning of 
these results I have rerun the equations, using 
IFS output data for Brazil to make future 
comparisons easier. (See Table 1.) As Ed- 
wards points out in his comment, the coeffi- 
cient of DM is not significant, but, as op- 
posed his results, the hypothesis of equal but 
opposite signs for the coefficients, cannot be 
rejected in either case.? Thus our differences 
in data—either the GDP or the price series 
—are of some importance here. 

To summarize, I expected that my 10 per- 
cent rule of thumb for the response of output 
to unexpected inflation would suffer the fate 
of most empirical propositions in social sci- 
ence and be overturned when better predic- 
tors of inflation were found. However, I felt 
that Lucas’ proposition of an inverse relation 
between this response and the predictability 
of inflation was on more solid ground. 
Edwards has made a contribution by (a) 
estimating the magnitude of the contribution 
of the deficit to monetary growth, and (b) 
showing that the terms of trade may in- 
fluence output. However, I do not feel he has 
overturned my rule of thumb because his 


*Moreover, one cannot directly use data from the: 
IFS tapes for the early years in Brazil and Chile, since 
the data are reported to-only one significant decimal 
place because of the high rate of inflation. 

5 The F-statistics are 2.9 (1,20) and .33 (1, 16) respec- 
tively, versus critical values of 4.35 and 4.45. Note that 
the power of the test is low because the coefficient of 
DM is not significantly different from zero. 
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TABLE 1 —OurPuT GROWTH (DY) AS A FUNCTION OF MONEY GROWTH AND LAGGED INFLATION 


Equation Constant DM, 

ag Brazil 088 094 
(5.1) (1.1) 

(2) 061 — 
n 7) 

8) Chile 074 
2N 7) (1.2 

(4) .030 — 
(7.7) 


DP,_, DM,— DP,., R? D-W 
—.180 — 22 177 
(24) 
— .168 14 1.52 
(2.2) 
—.104 26 1.69 
(2.6) 
— .108 28 L71 
(2.9) 


Sources: Brazil, International Financial Statistics, various issues and tape; Chile, Ricardo Ffrench-Davis. 
Notes: The t-statistics are in parentheses. Equation (4) is reproduced from my earlier paper. Y refers to GDP, M to 
M1, P to wholesale prices, and D to the first difference of the log of the variable. R? is the multiple correlation 


coefficient adjusted for degrees of freedom. 


monetary prediction equation using the fiscal 

‘deficit probably is not applicable in the 
countries analyzed, and, despite including 
this variable, our results are about the same 
in the medium-inflation countries while for 
the high-inflation countries, the residuals 
from my inflation-based prediction equa- 
tions both outperform his autoregressive pre- 
dictors in the output equation, and support 
the 10 percent rule. 
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Contestable Markets: An Uprising in the Theory 
of Industry Structure: Comment 


By MARTIN L. WEITZMAN* 


A situation traditionally identified as con- 
ducive to imperfect competition is when 
average costs decline and the cheapest scale 
of production is large relative to the size of 
the market. However, some of the more re- 
cent literature on industrial organization has 
emphasized a supposed distinction between 
fixed costs of production and sunk costs of 
production. A point frequently made is that 
while the possibility of sunk costs can create 
genuine barriers to entry, pure fixed costs 
per se do not inhibit competitive market 
performance. This approach finds its logical 
extreme in the norm or abstraction of “per- 
fect contestability.” 

Perfect contestability is essentially a theory 
of the polar case of frictionless entry and 
exit. As William Baumol stated, “a contest- 
able market is one into which entry is abso- 
lutely free and exit is absolutely costless” (p. 
3). Certainly this is the most reasonable in- 
terpretation of a situation where potential 
. entrants feel free to disregard an incumbent’s 
price response. 

.Suppose every potential and actual pro- 
ducer has access to the same technology. In a 
perfectly contestable market, there are no 
set-up or. shut-down losses. The main result 
. is that even with declining average costs of 
production, the incumbent firm does not dare 
to post a price higher than average cost. 
Price above cost invites being undercut by a 
hit-arid-run shadow entrant capable of pro- 
ducing at the same flow rate and at identical 
unit cost during just the briefest instant of 
time. 

I argue that this line of reasoning is mis- 
leading. Perfect contestability gets around 
the problem of increasing returns only by, in 
effect, assuming it away. A hit-and-run tech- 
nology makes the firm behave “as if” it is 
competitive in a market precisely because the 


*Massachusetts Institute of Technology 
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convexity preconditions for competition are 
de facto being met in that market. 

This comment shows that, strictly speak- 
ing, there is no such thing as a “pure” fixed 
cost. Unless there are sunk costs located 
somewhere in the relevant production tech- 
nology, all costs are variable. As a matter of 
formal theory, you cannot have a range of 
decreasing average cost without sunk costs. 
Presumably there is also an approximation 
theorem which states that when sunk costs 
are “close” to being negligible then average 
production costs are “practically” nonde- 
creasing. Perfect contestability holds ap- 
proximately in a market only to the extent 
that production costs for the market are ap- 
proximately nondecreasing. 

My discussion will be restricted to the 
familiar case of a single, well-defined, homo- 
geneous, fully divisible commodity. While 
more general approaches are possible, for the 
sake of simplicity the following definition is 
used. 

The -average cost function AC(y,t) de- 
scribes, say, the minimum cost per unit of 
output produced at a uniform flow rate y 
throughout the time interval (0, /]. Especially 
in applications to industrial organization the- 
ory it is essential to remember that cost 
functions are not generally timeless, and that 
writing AC as a function of y alone can be 
dangerously vague. 

Behind the free entry and exit of a hit- 
and-run technology in a perfectly contest- 
able market is the abstraction of no sunk 
costs—investments are fully reversible be- 
cause nothing is lost in setting up or shutting 
down production. 


DEFINITION: There are no sunk costs 
whenever there is some function f(y) with 
f(0) — 0 such that for all y and t, AC(y,t)= 


f(y). 


It might be conjectured that the absence of 
sunk costs does not precludé a declining 
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section of the average cost curve. However, 
the following result shows that declining costs 
are not compatible with a timeless cost func- 
tion. 


. THEOREM: /f there are no sunk costs, the 
average cost function is nondecreasing over its 
entire range. 


PROOF: 

Let y < y’. Pick any t > 0. Let i —1,2,...,n. 
Consider the following production schedule. 
Throughout the time interval, 


((i—1)t/n,(i  D)t/n * (y/yt/n], 


output is produced at flow rate y’. 
Throughout the time interval, 


((i— 1)t/n * (y/y)t/n, it/n], 


output is produced at flow rate 0. 
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In the limit as n is large, the production 
flow rate is uniformly y throughout any sub- 
interval of (0, £]. The cost per unit of output 
produced by this limiting schedule is f( y^). 
But then f(y) < f(y’). 

My conclusion is that contestability can- 
not serve as a useful focal point for a general 
theory of market forms because it is mean- 
ingless to simultaneously postulate the pres- 
ence of fixed costs and the.absence of sunk 
costs, at least for any well-defined situation 
lending itself to the usual cost function ap- 
proach. In the limit, as the concept of con- 
testability is pushed hard, a hit-and-run tech- 
nology cannot be other than convex. 
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Contestable Markets: An Uprising in the Theory 
of Industry Structure: Comment 


By MARIUS SCHWARTZ AND ROBERT J. REYNOLDS* 


In his AEA presidential address, William 
Baumol (1982) describes the theory of con- 
testable markets as “an uprising” which 
*aspires to provide no less than a unifying 
theory as a foundation for the analysis of 
industrial organization" (pp. 14—15). A per- 
fectly contestable market is defined as one 
into which entry is absolutely free and from 
which exit is absolutely costless (p. 3). In 
such a market, the price-taking results of the 
perfectly competitive model apply even if 
there is only a small number of incumbent 
firms. The crucial feature of a perfectly con- 
testable market is its vulnerability to hit-and- 
run entry. A potential entrant could exploit 
even the most transient profit opportunity by 
instantaneously entering, collecting his profit, 
. and exiting before incumbents could lower 
price: “...potential entrants find it ap- 
propriate to evaluate the profitability of en- 
try in terms of incumbent firms’ pre-entry 
prices" (p. 4). To prevent hit-and-run entry, 
incumbents must produce efficiently and earn 
zero profits. In a perfectly contestable 
market, therefore, the threat of entry sup- 
presses any oligopolistic interaction that 
might occur among a small number of firms. 

We will show that perfect contestability 
requires two implausible conditions:! (i) in 
response to high prices, an entrant can enter 
instantaneously at any scale, that is, there is 
no entry lag; and (ii) an entrant can under- 
cut an incumbent's price and exit with no 
loss of fixed costs before the incumbent can 


*Georgetown University, and U.S. Department of 
Justice and ICF Inc., respectively. The views expressed 
in this comment are not necessarily those of the U.S. 
Department of Justice or ICF. Helpful comments were 
received from Maxim Engers, Lucinda Lewis, Robert 
McGuckin and numerous colleagues at the Economic 
Policy Office of the Antitrust Division, U.S. Depart- 
ment of Justice. 

!In interpreting perfect contestability we have relied 
in part on Baumol and Robert Willig (1981) and Baumol, 
John Panzar, and Willig (1982). 
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adjust price, that is, the incumbent's price 
adjustment lag exceeds the exit lag.” If these 
conditions are relaxed even slightly, the re- 
sults can differ dramatically from those ob- 
tained under perfect contestability. Specifi- 
cally, if (ij) holds but (i) is violated, the 
incumbent may charge a high price pre-entry 
even though entry will eventually bring price 
down. If (ii) is violated, entry may not occur; 
whether it occurs depends upon the nature of 
the nondegenerate oligopolistic game ex- 
pected post-entry.? 

Consider a homogeneous good market and 
assume initially that there is a single in- 
cumbent and a single potential entrant. Sup- 
pose that (ii) above holds but (i) does not, 
that is, the incumbent’s price-adjustment lag 
exceeds the exit lag but there is some entry 
lag. Because the entrant can enter at any 
scale, undercut the incumbent, and exit be- 
fore the latter can adjust price, any supra- 
competitive pre-entry price (ie., any price 


?We assume that all firms have the same cost func- 
tion which exhibits some fixed, overhead cost. For ana- 
lytical tractability, we represent the degree of difficulty 
in recovering the fixed cost (ie, the notion of 
sunkedness) as the time it takes to leave the market with 
the fixed cost fully recovered. We call this time the "exit 
lag" and assume that it is the same for an incumbent as 
for an entrant. We also allow some lag between the time 
entry occurs and the time an incumbent can adjust 
price, and call this the “price-adjustment lag.” Argu- 
ably, if the incumbent foresees entry he may be able to 
prepare in advance to either exit, or to adjust price when 
entry occurs, and may therefore be subject to no exit or 
price adjustment lags. In such a case, our ensuing criti- 
cisms of the nonrobustness of Baurnol's results would be 
strengthened. By assuming that the incumbent faces 
both price adjustment and exit lags, and that the exit lag 
for the incumbent is the same as for the entrant, we are 
considering a case relatively favorable to Baumol's ap- 
proach, It has been pointed out to us that Avinash Dixit 
(1982) also notes that conditions (i) and (ii) above are 
necessary for perfect contestability. 

3There is a post-entry game in Baumol’s model but it 
is degenerate, since the entrant can undercut the in- 
cumbent, gain the entire market and exit before the 
incumbent can adjust price. 
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above the level yielding zero profit net of an 
allowance for interest on the fixed cost) will 
induce entry and subsequent loss of the in- 
cumbent's entire market. The incumbent will 
set his pre-entry price at one of the following 
two levels: either the competitive level or the 
monopoly level. The competitive price yields 
a zero profit stream forever and no entry. 
The monopoly price induces entry and some 
subsequent loss (since the incumbent is un- 
dercut and earns zero revenue but incurs an 
opportunity loss equal to the interest fore- 
gone on his fixed cost); however, pre-entry 
the incumbent earns monopoly profits. De- 
pending on the relevant parameters, either of 
these pre-entry prices could maximize the 
incumbent's present value. Furthermore, if 
there is no exit lag—as in the perfectly con- 
testable case—the choice is clear: since the 
incumbent can now exit and avoid any loss 
from being undercut post-entry, he will set 
pre-entry price at the monopoly level! ] 

In the above example, the threat of entry 
may not keep price low but actual entry will 
occur if the incumbent's pre-entry price is 
supracompetitive: the entrant can undercut 
the incumbent during the price-adjustment 
lag and exit before this lag elapses. Once we 
assume that the exit lag exceeds the price- 
adjustment lag, the entrant will be unable to 
escape price reactions by the incumbent and 
therefore may choose not to enter. 

Consider the following example. Assume 
no price-adjustment lag and only arbitrarily 
small entry and exit lags. Conditions (i) and 
(ii) above are violated, but structurally the 
market is “almost perfectly contestable” as 
an arbitrarily small exit lag means that the 
fixed cost can be fully recovered almost 
immediately. However, the equilibrium is 
radically different from that in a perfect 
contestable market. Since price can now be 
adjusted instantaneously in response to en- 
try, the entry decision now depends only on 
the nondegenerate oligopolistic game ex- 
pected post-entry. Therefore, the incumbent 
will set pre-entry price at the monopoly level.‘ 


^In the first example, since the incumbent cannot 
change his price post-entry, he may set pre- 
entry price at the entry forestalling level. Here, the 
incumbent can lower price if entry occurs and therefore 
will set pre-entry price at the monopoly level. 
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Moreover, the post-entry game may well im- 
ply negative profits to both firms (as in a 
Bertrand duopoly with identical firms having 
positive fixed cost and constant marginal 
cost), so the potential entrant may stay out 
despite the incumbent's high price.5 

The assumptions of the above example can 
be relaxed in several respects without chang- 
ing our qualitative results. First, there can be 
a positive price-adjustment lag; as long as 
this lag is shorter than the exit lag, the 
entrant will still have to consider the post- 
entry game in deciding whether to enter. 
Second, there can be several incumbents ini- 
tially rather than one. The decision whether 
to enter will then depend upon a post-entry 
ologopolistic game involving several rather 
than two firms To summarize, Baumol's 
theory is not robust; once we deviate even 
slightly from the strict assumptions of per- 
fect contestability, pricing and entry deci- 
sions depend upon the nature of firm inter- 
actions. There is no escaping the "reaction 
functions and the other paraphernalia of 
standard oligopoly models" (p. 11). 

The nonrobustness of Baumol’s results 
concerning industry behavior also calls into 
question whether the optimal industry struc- 
ture (the size distribution of firms) said to 
prevail in perfectly contestable markets (pp. 
5-6) is approximated in markets that are 
almost perfectly contestable. Baumol bases 
his structural results on the threat of hit-and- 
run entry which keeps prices and profits at 
competitive levels. We have seen that hit- 


5Characterizing the entrant's behavior in this situa- 
tion is complex, because of the question of which firm 
would exit if the entrant were to come in. However, 
suppose that the entrant believed (with probability one) 
that the incumbent would exit. For certain parameter 
values, the losses that the entrant would incur while the 
incumbent remained in the market— because of the exit 
lag— would still exceed the present value of profit in the 
post-exit period, hence the entrant would stay out. 

$1f there are multiple entrants, the problem becomes 
more complicated since an entrant must know the num- 
ber of such entrants, and whether they would enter 
sequentially or simultaneously. With a large number of 
entrants moving simultaneously, it is possible that none 
would enter because of the losses that would be incurred 
if all entered simultaneously (see, for example, Roger 
Sherman and Thomas Willett, 1967). The implications 
of different numbers of entrants and different interac- 
tions among them have not been thoroughly analyzed to 
our knowledge. 
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and-run entry may be impossible in markets 
that are almost perfectly contestable. Conse- 
quently, Baumol’s conjecture (pp. 7-8) that 
equilibrium industry structure in almost per- 
fectly contestable markets approximates that 
of perfectly contestable markets remains to 
be proved. 

If the perfectly contestable market were a 
plausible case, it might not matter that 
Baumol’s results do not extend beyond this 
case. However, as shown earlier, perfect con- 
testability requires that an outsider can en- 
ter, produce, sell, and exit without loss—all 
before an incumbent can adjust price. Typi- 
cal set-up costs and specificity of capital 
make this description grossly unrealistic. In- 
deed, it is precisely because incumbents can 
adjust price and output rapidly in response 
to entry that the early limit pricing models of 
entry deterrence (for example, Joe Bain), were 
criticized and replaced by subsequent theo- 
retical work (for example, Earl Thompson 
and Roger Faith; A. Michael Spence; Steven 
Salop; Avinash Dixit, 1980; Reynolds and 
Salop; Paul Milgrom and John Roberts). 

One final point should be noted. In some 
markets there may exist outside institutions 
that prevent price reactions by incumbents 
or negate their effect on entrants. For exam- 
ple, long-term contracts may enable entrants 
to contract for a fixed price before entering 
—as in Harold Demsetz's *competition-for- 
the-market" model." Such contracts move us 
to an environment radically different from 
the usual oligopoly one. In this different 
environment, the threat of entry would en- 
sure zero profit and approximately optimal 
performance even if irrecoverability of fixed 
costs precluded hit-and-run entry. The ques- 
tion of exit and therefore of recoverability of 
fixed costs would not arise, so the nature of 
equilibrium would be independent of whether 
the market was contestable in a structural 
sense. 


"Such long-term contracts are likely to be infeasible 
because of the cost of monitoring and enforcing quality 
and - performance, for example, Oliver Williamson, 
(1976). Long-term contracts are particularly unlikely 
where new entrants are involved since the quality and 
cost of their product is relatively unknown. 
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 Contestable Markets: An Uprising in the Theory of 
Industry Structure: Reply 


By WILLIAM J. BAUMOL, JOHN C. PANZAR, AND ROBERT D. WILLIG* 


While the issues raised by Marius Schwartz 
and Robert Reynolds are quite different from 
those raised by Martin Weitzman, they have 
three significant common elements: an at- 
tempt to impose a dynamic mechanism upon 
a static equilibrium analysis, the provision of 
new and valuable insights, and extreme ex- 
aggeration of the generality of their results 


and their damage to contestability analysis. . 


We will show here that, rather than destroy- 
ing the theory, the insights of these able 
commentators enrich the analysis and open 
new areas for pertinent research. We will 
first discuss Weitzman's remarks and then 
turn to Schwartz and Reynolds. 


I. The Weitzman Parable 


Weitzman denies that, in the absence of 
sunk costs, contestability theory is applicable 
to cases of natural monopoly, “natural oli- 
gopoly," and other imperfectly competitive 
arenas. His view is that perfect contestability 
is defined to require absolutely costless and 
instantaneous entry and exit, but that this in 
turn implies that returns to scale must be 
absolutely constant so that, for all practical 
purposes, perfectly contestable markets must 
all be perfectly competitive. Then, in his 
view, the theory is not really applicable to 
other market forms. To show why this con- 
clusion is unwarranted, we first reformulate 
the Weitzman argument for the sake of clar- 
ity. Then we will show why it does not 
always work, and why it does not quite come 
to grips with the concept of contestability, 
properly defined. Finally, we will indicate 
the nature of the insight his comment does 
contribute. 


*Princeton and New York Universities, Bell Labora- 
tories, and Princeton University, respectively. The views 
expressed are our own and do not necessarily reflect 
those of Bell Laboratories or the Bell System. 
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To clarify the argument, let us translate 
Weitzman's few lines of algebra into a con- 
crete example. Imagine a machine which 
operates at minimum average cost when it 
produces 12,000 units of output per hour. 
Suppose the machine can be moved instanta- 
neously and costlessly from market to market. 
Then an entrepreneur who wishes to produce 
only 3,000 units of output per hour in each 
of four markets, A, B, C, and D, can shift the 
machine four times every hour, letting the 
machine run 15 minutes in each market. 
Thus, in market A, for example, between 
1:00 and 1:15 P.M. it will produce its desired 
3,000 units of output operating at its cost- 
minimizing rate of 12,000 units per hour. 
There obviously are no diseconomies to 
small-scale production here because of the 
perfect costlessness of entry and withdrawal. 

Weitzman adds a final twist to this story 
in order to perfect his case. Suppose, for 
example, customers come into each market 
in a steady stream and do not want to wait 
for their purchases. Then by 1:15 our pro- 
ducer would have sold only 3,000/4 units of 
that hour's output, leaving (3/4)3,000 units 
in inventory. If inventory carrying costs are 
positive, this still imposes some higher costs 
upon the firm whose demand flow in that 
market falls short of the cost-minimizing rate 
of production of the machine. But Weitzman 
shows the way around this problem too. 
With exit and entry costless, the machine can 
just as well be shifted among markets not 
just four, but eight times per hour, each time 
operating only 7i minutes and producing 
1,500 units of output in this interval. This 
time, the machine enters market À at 1:00 
P.M., leaves it at 1:073, reenters market A at 
1:30, and leaves it again at 1:373. By 1:074, 
the producer will have already sold 3,000/8 
units, so that unsold inventory will be only 
(3/4)(1,500) units, rather than (3/4)(3,000), 
as before. Nor does our entrepreneur have to 
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stop there. He can increase the frequency of 
his intermarket moves to 16, or 32, or 64 per 
hour..., each time cutting his average inven- 
tory in half, and, in the limit, eliminating 
inventory completely. In this way, ali finan- 
cial penalties for small-scale production can 
be eliminated and so, by virtue of costless 
entry and exit, a universal regime of constant 
returns to scale is guaranteed. Finally, note 
that the costless physical mobility of a ma- 
chine from market to market in this parable 
can be replaced by the existence of a rental 
market in which the entrepreneur can obtain 
the services of the machine for an arbitrarily 
short period of time without paying a higher 
rate per unit of time. 

This, then, is the Weitzman story. Why 
does it not hold generally? 


Il. Perishability, Batch Production, and 
Time Requirements 


Many outputs and production processes 
may fit Weitzman's parable as a limiting 
case, but many do not. First, some items, 
notably services, cannot be stored at all. 
They perish the instant they are produced, 
and one cannot get around this problem by 
taking the time they are held in inventory to 
be very brief, approaching zero in the limit. 
Second, fixed investment does not always 
take the form of capacity capable of turning 
out a continuous steady flow of output. 
Rather, some types of processes require an 
irreducible amount of production time to be 
effective and in that time they yield some 
fixed minimum batch of output. More gener- 
ally, the minimal average cost per unit pro- 
duced may be achievable only if the produc- 
tion process is run at a particular intensity 
over a particular span of time. In these cases, 
Weitzman’s technique of “substituting” the 
perfect divisibility of time to compensate for 
other indivisibilities is inapplicable. 

The relevance of these two phenomena, 
which expressed as abstractions may appear 
to be quibbles, is brought out by another 
example. Along any airline route, say Phila- 
delphia to Ithaca, cost per passenger is mini- 
mized by a jumbo jet if it is used to capacity, 
some 400 seats. Suppose no more than 100 
passengers travel this route every day. Even 
if airplanes could be switched from one route 
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to another without cost or delay, there is no 
way the Weitzman parable can be stretched 
to fit. Transportation services cannot be 
stored. There is no way any of the capacity 
of the departed plane can be preserved for 
those passengers who wish to begin their 
trips after it leaves. 

More important, the airplane inherently 
provides its services over time in one 400-seat 
batch. Since production of the service re- 
quires some nonvanishing interval of time, 
say one hour, there is no way in which an 
abbreviated period of operation on the 
Philadelphia-Ithaca route can lead to the 
achievement of optimal scale. One simply 
cannot do it by operating a 400-seat plane 
carrying 100 people for 15 minutes. Of 
course, it can be flown only once every four 
days, but that technique supplies a different 
and inferior product which a smaller and less 
economical plane may be able to outcompete 
with a daily schedule. Thus, when produc- 
tion via the most efficient techniques occurs 
in minimum batches (400 seats per plane, 
12,000 shoes per production run) and the 
size of the batches cannot be cut by ab- 
breviating the time employed in the process, 
the Weitzman argument clearly breaks down. 

Since there are many goods for which batch 
production is most efficient, there is simply 
no validity to the view that the Weitzman 
argument applies to all, or even most, 
manufacturing. Perfect contestability as a 
substantive generalization of perfect compe- 
tition can apply to manufacturing just as 
well as to the provision of services. 

We conclude that, even as a limiting case, 
the Weitzman parable is able to generate 
constant returns to scale only for products 
which are storable, at least briefly, and which 
do not require an indivisible “lump” of time 
for their most efficient batch production. 
Neither class of goods—those which fit 
Weitzman’s parable and those which do not 
—is economically unimportant. 


III. The Meaning of “Sunk Cost"! 


Weitzman’s analysis suffers from another 
more fundamental problem—a mischaracter- 


"We would like to thank Sanford Grossman for 
helping to clarify our thoughts in this area. 
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ization of contestability resulting from a con- 
fusion between economic and technological 
notions of sunk costs. To produce its results, 
even the limiting case of perfect contestabil- 
ity does not require entry and exit to be 
instantaneous. Rather, it is sufficient that the 
process be rapid enough so that the entrant 
does not find his investment vulnerable to a 
retaliatory response by the incumbent. The 
length of this time period is not exclusively a 
technological datum, but is also the result of 
business practice and opportunities in the 
market in question. This period can be as 
long as the longest period for which it is 
credible for buyers to commit their patron- 
age to the entrant. In terms of an airline 
scenario, “hit-and-run” entry may be possi- 
ble because the entrant can sell tickets condi- 
tionally, and before he flies his plane into the 
market, not because he can fly it in faster 
than the incumbent is able to cut his price. 
For example, before deregulation it was a 
common practice of charter airlines to make 
contracts (ticket sales) conditional on filling 
the plane. 

. With contracting feasible, the fact that 
successful entry may require commitment of 
assets to a particular market for a nontrivial 
interval of time need not diminish the vi- 
ability of hit-and-run entry, nor imply the 
presence of costs which are sunk in any 
economically significant sense. Even if such 
contracting is not feasible, it is still possible 
for regulation, costs of communicating price 
revisions, or other impediments to delay an 
incumbent's effective price response for a 
period of length T> 0. In either case, the 
concept of hit-and-run entry can survive the 
technological imposition of a minimum pro- 
duction-time requirement ‘* « T, while the 
Weitzman parable cannot. Thus, it is far 
from “meaningless” to posit the presence of 
fixed costs in the absence of sunk costs. 


IV. Toward Theory of “Almost Contestable” 
Markets 


Schwartz and Reynolds raise an issue that 
is very different and, in our view, consider- 
ably more significant. They point out, cor- 
rectly, that sufficient conditions for perfect 
contestability are virtually certain to be 
violated in reality, at least to some degree. 
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They ask whether small deviations from the 
conditions they cite are likely to affect sub- 
stantially the conclusions of the analysis. 
They argue that there is, indeed, a sharp 
discontinuity, so that minor violations of the 
conditions they cite are likely to cause large 
losses in the social benefits promised by per- 
fect contestability. 

We feel that the issue they raise is an 
important subject for analysis. We will show, 
however, that their model of deviation from 
perfect contestability is only one of the perti- 
nent constructs that is possible; that other 
plausible and legitimate constructs imply that 
behavior and social benefits approach those 
of perfect contestability continuously as the 
contestability of markets increases; and that 
both intuition and preliminary empirical evi- 
dence suggest the hypothesis that, in the 
world of reality, a reduction of barriers to 
entry and exit, particularly those taking the 
form of sunk costs, yield steady improve- 
ments in industry performance and behavior, 
as robustness of the policy implications of 
contestability analysis requires. 

Let us first consider the construction of a 
systematic analysis of the effect upon a 
market of the introduction of a small amount 
of sunk costs. This analysis should not base 
itself on the rather special premises adopted 
by Schwartz and Reynolds, but rather on the 
economically relevant progression from the 
limiting case in which entry does not subject 
any capital to the risk of retaliatory re- 
sponses by the incumbent (complete absence 
of sunk costs) to one in which a small amount 
of an entrant's investment must be sunk 
irrevocably in the market. We show that, 
under plausible assumptions, the associated 
change in the equilibrium price must also be 
small. All we require for this result is that, 
before making his investment in the market, 
the potential entrant be able to enter into 
contracts to supply potential customers for a 
nontrivial interval of time, 7. Schwartz and 
Reynolds discuss this possibility briefly in 
their last paragraph, but by focusing only on 
long-term contracts, they fail to realize that 
this is the relevant point of departure. 

The basic scenario is quite simple. At time 
zero, the potential entrant may offer to serve 
customers for a period of time T at a price 
Pe € Pi, the price of the incumbents. Buyers 
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would, quite naturally, inquire whether any 
incumbent intended to match p,. If one did, 
then entry would not occur, but the price p, 
would prevail in the market for T units of 
time, whereupon an entrant can again appear 
with an offer waiting to be matched. Thus, in 
the absence of exogenous change, p, can be 
expected to prevail in the market at all times. 
How low a p, will a potential entrant find it 
desirable to offer? This depends upon the 
magnitude of the economically sunk costs. To 
permit an analysis of these, suppose that a 
unit of capital purchased at a price of B per 
unit could be sold or utilized elsewhere after 
T for a unit salvage value of a < f. Thus, it is 
possible to parameterize continuously the de- 
gree of sunkenness of capital from zero (a= 
B) to absolute sunkenness (a = 0). If a= f, 
the potential entrant can afford to offer a 
price just equal to the economically efficient 
level.of average cost, because its flow of sales 
is guaranteed until 7, and afterwards it has 
no “unamortized capital” to be concerned 
about. However, if a< B, the entrant can 
offer a price only as low as its average cost 
over 7, and this will be somewhat higher 
than the true economic average cost because 
some of the economic value of its plant may 
be lost as a result of exit or of oligopolistic 
rivalry which takes place after the initial 
contracts expire at time 7. Then, incumbents 
can charge a price above true economic aver- 
age cost without inducing entry, because of 
the sunk economic costs required of entrants. 
The sustainable elevation of price, here, is 
larger the smaller is a. And a will be smaller 
the larger the proportion of cost that is tech- 
nologically sunk, and the shorter is the time 
period, T.* Thus, it is clear that the deleteri- 
ous effects of sunk costs behave “continu- 
ously" in this framework, in contrast to their 
behavior in the analysis of Reynolds and 
Schwartz. 

The essential difference between our sce- 
nario and that of Reynolds and Schwartz is 
that buyers” behavior is assigned a clear role 
in our version of the entry process. Do buyers 
have an incentive to enter into contracts in 


` 2A model with these features and results is described 
and analyzed in our 1982 book, ch. 10; and in Section II 
of our forthcoming paper. 
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the way we describe? In a real sense they do, 
for, ceteris paribus, the longer is T, the lower 
is the price that will be available from en- 
trants and the tighter is the constraint that 
potential entry places on the incumbents’ 
pricing policy. Of course, there may be in- 
fluences operating in the opposite direction, 
such as the desire for flexibility in the face of 
uncertainty, etc. The construction of explicit 
models of buyers’ behavior may well be the 
most promising direction for further research 
in this area. 

The moral of all this is that models of 
behavior under imperfect contestability other 
than that of Schwartz and Reynolds are pos- 
sible and can be extremely plausible? In the 
model discussed above, and no doubt in 
others as well, where there are almost no 
sunk costs, markets are almost perfectly con- 
testable. 

It should be emphasized that models which 
support the robustness of contestability anal- 
ysis follow a relatively long tradition going 
back at least to the work of J. S. Bain. This 
tradition holds that increased ease of entry 
and exit improves the welfare performance 
of firms and industries. On this subject, the 
theory of contestability has only sought to 
contribute insights on the underpinnings of 
that judgment. Certainly it is a view widely 
accepted on the basis of casual observation, 
though systematic empirical testing still re- 
mains to be carried out. A first step in this 
direction is the recent empirical work by 
loannis Kessides (1982), which shows that 
among 4-digit U.S. manufacturing industries, 
entry increases with the profit levels of in- 
cumbents, holding fixed the expected losses 
from the possibility of exit. These expected 


"Another example is provided by recent theoretical 
work by Mark Bagnoli, a graduate student at Princeton 
University. This focuses on the effécts of the advertising 
costs that must be incurred by firms to inform potential 
customers about an initial posted price and about any 
subsequent price changes. Where such outlays are sunk, 
but no other costs are sunk, incumbents are strictly 
motivated to adopt sustainable (zero profit) prices. For 
if they do not, entry will occur and they will only be 
able to respond via a price reduction whose advertising 
cost makes the response a losing proposition. The best | 
response of.the incumbent whose initial prices were 
unsustainably high is to exit when entry occurs, thereby 
losing earlier advertising outlays. 
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losses are greater, Kessides finds, the greater 
are the sunk costs (as measured by several 
proxies) that must be committed by an en- 
trant. Sunk costs deter entry and also di- 
minish the rate at which entry responds to 
incumbents’ profits. In Kessides’ estimated 
model, these effects are statistically signifi- 
cant and they behave in a continuous and 
monotonic manner. They lend some support 
to the hypothesis that market performance 
depends continuously on the degree of im- 
perfection in their contestability. 


V. Perfect Contestability as a Static 
Equilibrium Analysis 


There is another critical misunderstanding 
that characterizes both comments on contest- 
ability theory, despite the great difference in 
their themes. For both seek to criticize what 
is essentially a static equilibrium theory by 
imputing to it à dynamic mechanism of their 
own creation, and attacking the reasonable- 
ness of the assumptions they have made about 
the dynamic process governing the behavior 
of agents in contestable markets outside of 
equilibrium. This is not to say that dynamic 
considerations are unimportant, rather that 
they should not be inferred casually from an 
informal statement of a model's equilibrium 
properties. 

The materials to which we now turn may 
at first glance seem excessively formalistic, 
but they bring out the fact that most of the 
theorems and results which have been de- 
rived from contestability theory rest exclu- 
sively on static analysis and are in no way 
dependent on the dynamic construct im- 
posed upon it either to give it credence or to 
attack its applicability. Let us, then, provide 
& brief and relatively formal definition of a 
perfectly contestable market, which is only 
hinted at in the presidential address: 


DEFINITION 1: A feasible industry config- 
uration is composed of m firms producing out- 
put vectors y,...,y" € R” at prices PER, 
such that markets clear, yn y'=Q(p), and 
that each firm at least breaks even, p-y'— 
C(y)20, i=1,...,m, where Q(p) is the 
market-demand relationship and C(y) is the 
total cost function of each firm. 
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DEFINITION 2: A feasible industry config- 
uration with price p and firms’ output vectors 
y',...,y” is sustainable iff p°- y* < C(y°) for 
all p* < p and y* « Q( p^). 


DEFINITION 3: In a perfectly contestable 
market, an equilibrium industry configuration 
must be sustainable. 


Definition 2 provides a precise analytical 
statement of some of the requirements for a 
static equilibrium under free entry whenever 
“potential entrants find it appropriate to 
evaluate the profitability of entry in terms 
of the incumbent firms’ pre-entry prices” 
(Baumol, p. 4). The theory of perfectly con- 
testable markets, then, is neither more nor 
less than the derivation of the logical impli- 
cations of this concept of multimarket (par- 
tial) equilibrium. While the “theory” is still 
young and its empirical implications largely 


. untested, it has some fundamental properties 


which we think recommend it as a bench- 
mark, a limiting case for the study of in- 
dustrial organization. In particular, it is a 
substantive generalization of the traditional 
theory of perfect competition. This can be 
substantiated via a formal definition of long- 
run competitive equilibrium: 


DEFINITION 4: A feasible industry con- 
figuration (Definition 1) p; y',...,y™ is a long- 
run competitive equilibrium iff p- yxC(y)Vy 
€ Ri. 


So defined, a long-run competitive equi- 
librium has all its traditional properties. Each 
firm in the configuration takes prices as 
parametric, chooses output to maximize 
profit, earns zero profit, and equates margin- 
al costs of goods produced to their prices. 
We can now state 


PROPOSITION 1: (i) A long-run competitive 
equilibrium is a sustainable industry configura- 
tion, so that perfectly competitive markets are 
always perfectly contestable. (ii) However, the 
converse is not true. 


Part (i) follows easily from the definitions. 
The example of average cost pricing in the 
presence of increasing returns to scale (the 
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Demsetz solution) establishes (ii), for the 
lowest price at which the market demand 
curve intersects a falling average cost curve, 
together with single-firm supply of the items 
demanded by the market, is a sustainable 
industry configuration, but is certainly not a 
competitive equilibrium. 

Notice that, contrary to the perceptions of 
Schwartz and Reynolds, the static equi- 
librium theory of perfectly contestable mar- 
kets contains no assumptions whatever about 
the possibility of instantaneous entry or the 
ability of new firms to exit more quickly 
than an incumbent can change its prices. 
Such dynamic properties are best thought of 
as attempts to examine the plausibility and 
range of applicability of the static equi- 
librium concepts. Conditions (i) and (ii) of 
Schwartz and Reynolds are not required by 
perfect contestability, nor, as we have seen, 
are they a logical consequence of the absence 
of economically sunk costs, the attribute of a 
market which, we believe, makes the perfect 
contestability paradigm applicable. In short, 
while the conditions which Schwartz and 
Reynolds cite may be sufficient to ensure 
perfect contestability, they are certainly not 
necessary. 

None of this is meant to deny that the 
issue of "robustness! which they raise is of 
significance tó any theory, and we have 
sought to examine it in terms of the ap- 
propriate question: can markets in which 
there are “almost” no sunk costs behave 
“almost” perfectly contestably? We have 
shown that they can, and we believe empiri- 
cal evidence will confirm that they generally 
do. In other words, our hypothesis, which 
remains to be tested empirically, is that the 
predictions of static contestability theory re- 
main reasonably accurate when sunk costs 
are present but insignificant. 


VI. Concluding Comments 


It is important to end the discussion con- 
structively. Despite the unavoidable empha- 
sis in the preceding pages on our disagree- 
ments with our critics, we believe that they 
have provided important insights and made 
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significant contributions to the theory. 
Schwartz and Reynolds have rightly called 
attention to the need for investigation of the 
consequences of small violations of the prem- 
ises of perfect contestability, and have pro- 
vided illuminating models of the effects of 
lags in entry, exit, and price adjustment upon 
the behavior of firms. Weitzman has revealed 
that there is an (apparently important) class 
of cases in which ease of entry and exit may 
be associated with little or no economies of 
scale. In such cases, the absence of entry 
barriers may derive part of its power to 
restrain monopoly from its ability to make 
the cost relationship approximate constant 
returns to scale more closely. Those are val- 
uable insights which we believe will provide 
significant subjects for further research and 
enrich contestability theory and the theory of 
industry structure more generally. 
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The Choice of Discount Rates for Public Projects: Comment 


By JANDHYALA L. SHARMA* 


In a recent article in this Review, Robert 
Mendelsohn attempted to clarify David 
Bradford's misunderstanding regarding opti- 
mal fraction of capital (S,) that is consumed 
and fraction of income that is reinvested 
(S,). One of the criteria suggested for select- 
ing a public projects is the present value of 
the future consumption income from the in- 
vestment, as stated by Mendelsohn: “The 
present value of dollar of investment is worth 
even more if future returns from that invest- 
ment are reinvested” (p. 240) The social 
present value of dollar of private investment, 
V,, varies considerably with the parameters, 
the market rate of interest, r, the social rate 
of time preference, i, and the rate of reinvest- 
ment, S,. However, the impact of S, on the 
present Value, V, and its role in the Selection 
process is not clear. The variable S, is rather 
ambiguous and the optimum value, in gen- 
eral, for S, is either zero or one. The formula 
mentioned at the bottom of Mendelsohn’s 
Table 1 (p. 240) should read: 


(1) 


The present value criteria for deciding public 
projects is riddled with many problems. The 
impact of marginal propensity to save, S,, is 
rather a passive variable. This makes the 
present value concept inappropriate for deci- 
sion making. The behavior of V, is examined 
for different values of S,, given i and r; and 
0 « S, «1 and V, is given by equation (1). 

Case I: i>r. The various values V, can 
take V, — r/i, if S, = 0, and V,=0, if S, =1. 
Since the values of V, are declining at an 
increasing rate (V/ « 0, V/' « 0), the optimum 
value of S, is either 0 or T and so no unique 
value. 

Case II: i=r. The value V, is equal to 
i/r, for all values of S,; again yielding no 
unique value. Hence, Vi is independent of S, 
and all values of S, are equally optimal. 


V, = (1- S)r/i- Sr. 


*Cleveland State University 
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Case III: First, equation (1) is derived 
under the assumption i > r (strictly speaking, 
i> S,r) because i>r is a necessary condi- 
tion of present value series convergence as 
t — oo; that is, the market rate of return (r) 
should be less than the social rate of time 
preference (i) in order to derive V,, the pres- 
ent value of dollar investment earning r per- 
cent. If r >i, then the series is an exploding 
series and V, — oo, as t — oc. Hence, V, has 
no finite value. However, the behavior of V, 
can be studied under conditions i « r, and 
V(t) is given by equation (1): V,—r/i, if 
S, =0, and V, — oo as $  i/r. So, ifi « r, 
there is some value of Š, to wit, i/r which 
drives V, to infinity and finite for all values 
of S,<i/r. As before, V,=0if S, = 0, since 
2 function (V;) is upward sloping, given 

S, =i/r, and increasing at an increasing rate 
(V/—0,V/»0) no unique values are as- 
sured. Optimal value of S, is either 0 or i/r. 

Thus, the reinvestment rate (S,) has no 
optimum value. The optimum values are 
either S, = 0 or 1, so S, should not play any 
critical role in deciding | public projects. Thus, 
the solution to the problem of choosing ap- 
propriate values of S,, i, and r is as elusive as 
ever and savings rates play only a passive 
role. Since S, is under decision maker's con- 
trol, the present values can be varied, de- 
pending on the value assigned to S,, the 
marginal propensity to save. The crucial i is- 
sue in deciding the public projects is the 
determination of the social rate of time pref- 
erences and not the savings rates. The pres- 
ent value of public projects can be controlled 
by choosing arbitrary values for marginal 
propensity to save. 
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The Choice of Discount Rates for Public Projects: Reply 


By ROBERT MENDELSOHN* 


Jandhyala Sharma makes two interesting 
points in his comment on the choice of dis- 
count rates for public projects. First, if the 
market interest rate r exceeds the social dis- 
count rate i, it is possible that my (1981) 
formula for calculating the consumption 
value of an investment dollar is inap- 
propriate, and second, if the marginal pro- 
pensity to save from income S, is a decision 
variable, its optimal value is 0 or 1. Sharma 
concludes that S, or reinvestment should not 
play a critical role in deciding among.public 
projects. 

Sharma correctly argues that if the present 
value of the consumption stream generated 
by a dollar of private investment does not 
converge, my formula is inappropriate. Con- 
trary to Sharma's assertions, the necessary 
conditions for convergence are that i» Sr 
(not i >r). The correct formula for the pres- 
ent value of an investment dollar V, is! 


n-(- 
V, = oo 


S,)r/(i- S,r) i>S,r 
«Sr. 


In the Bradford-Mendelsohn model, all re- 
investment decisions are made by private 
individuals, so that S, is exogenous to the 
public project. Although he fails to motivate 
this assumption, Sharma assumes that S, is 
under the control of the decision maker so 
that it is endogenous to the project. Let us 
imagine when S, could be endogenous. Sup- 
pose the marginal propensity to save from 
income by specific groups of individuals were 
known and were different. To the extent that 
the benefits or costs of the project could be 
redistributed among the groups, one could 
alter S, and thus the resulting reinvestment 
rates. 


*Department of economics, University of Washing- 
ton. 

‘Note that the formula for V, in Table 2 of my 1981 
paper (p. 240) was originally misprinted. 


Suppose, then, that S, is endogenous. Be- 
cause of taxes on capital i income, r > i. Tak- 
ing the derivative of V, with respect to S, 
yields 


a, / 8S, =r(r—i)/(i- Syr) 


when i> Sr. 

If i> Syr, and r >i, then the partial deriva- 
tive of V, with respect to S, is positive. When 
the value of V, is infinite, it is still true that 
V, increases with S, since the consumption 
stream tends to diverge more rapidly the 
greater is S,. The optimal value of S, for 
benefits is therefore 1, and for costs it is 0. 
For otherwise identical projects, one would 
prefer the project with the highest reinvest- 
ment rates of benefits and the lowest rein- 
vestment rates of costs (foregone income). 
Sharma's conclusion that S, has no role in 
choosing among public projects is therefore 
incorrect. Even when S, is endogenous, it is 
quite clear that S, has a critical role to play 
in the choice of public projects. 

In general, little is known about the rein- 
vestment rates of various groups, so that 5, 
is often best treated as an exogenous param- 
eter. One possible exception to this rule 
hinges upon the commonly presumed state- 
ment that S, is higher for upper-income indi- 
viduals. If this is true, the more the direct 


` benefits of a public project can be con- 
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centrated on higher-income individuals, and 
the costs upon the poor, the greater will be 
the net benefits of the project. For example, 
if the market interest rate is 10 percent, the 
social time preference is 5 percent, and the 
marginal propensities to save from income 
are 0 and .40, respectively, for the poor vs. 
rich, the social value of a dollar of cash 
benefits to the poor is $1 while to the rich 
the same dollar is worth $3. 

Although society may not choose to maxi- 
mize net benefits by aiding the rich at the 
expense of the poor, the analysis suggests 
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Expected Inflation and Interest Rates: Comment 


By Vito Tanzi* 


In attempting to explain why, up to re- 
cently, the level of interest rates had been 
much lower than one would expect from the 
modified version of Fisher’s theory, that takes 
into account the effect of income taxes on 
interest income, Michael Melvin, in his 1982 
article in this Review, criticizes my 1980 hy- 
pothesis of a fiscal illusion and advances as a 
plausible explanation the Mundell Effect. He 
states: 


...[A]s expected inflation increases, an 
excess demand for goods is created 
along with an excess supply of money 
(as i rises in response to the increase in 
m). As prices rise due to the goods 
demand, real balances fali causing a 
shift in the savings function, which then 
leads to a drop in the after-tax real 
interest rate in order to restore equi- 
librium in the goods market. — [p. 843] 


Therefore, he writes, “We should not con- 
clude that since the coefficient on 7 is less 
than unity, people suffer from fiscal illu- 
sion..." (p. 843). The same point is made by 
Milton Ezrati in his 1982 comment on my 
paper (p. 857). The issue I wish to raise is 
not whether the Mundell effect exists, but, 
rather, whether it could account by itself for 
the difference between the estimated and the 
expected coefficient of the inflationary ex- 
pectation variable. 

Let i = the (annual) nominal rate of inter- 
est, r = the (annual) real rate, r* = the after- 
tax (annual) real state, 7 = the expected (an- 
nual) rate of inflation, and T= the tax rate 
on interest incomes. From the Fisherian rela- 
tionship we get 
(1) i,7 rn Ba, 
where B = di /dz. 

By taking realistic ranges of values for r, 


v, and f, equation (1) can be solved. Once 
this is done, the after-tax real rate r* can be 
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obtained as follows: 
(2) n -i(1- 7,)- 7. 


The real rate r will be assumed to equal 3. 
This is the estimate found in my earlier 
paper and is equal to, or even higher than, 
the estimates found by most other re- 
searchers. The expected inflation rate v will 
be given values ranging from 2 to 20 percent 
per year to cover the full range experienced 
by the U.S. economy in recent decades. The 
B is given values ranging from 0.70 to 1.00 to 
cover the estimates found in most empirical 
studies of the pre-1979 period. Melvin's own 
estimate of fj, at 0.55, is even lower. The tax 
rate T is given values ranging from 0.20 to 
0.50 reflecting likely levels for this variable. 
The results are given in Table 1. 

The Mundell effect maintains that infla- 
tion reduces the real rate. It surely does not 
argue that it makes it negative. However, 
Table 1 shows how quickly the net-of-tax 
real rate is reduced to zero, or even to nega- 
tive values, when the nominal rate of interest 
does not adjust for the effect of taxes. Take, 
for example, the situation where f — 0.70 
which has been, perhaps, the most typical 
coefficient found in empirical studies. At a 
tax rate of 30 percent, the after-tax real 
interest rate is already negative at a rate of 
inflation of 6 percent. By the time the rate of 
inflation reaches 12 percent, the after-tax 
real rate is a negative 4 percent. And, of 
course, increasing the tax rate or the rate of 
inflation, even lower values for r* are found. 
If the value of 8 should be as small as in 
Melvin's estimate (0.55), the net-of-tax rate 
of return would be even smaller. 

Clearly, it seems highly improbable that 
the Mundell effect, even if it exists, could 
explain more than a small part of the dif- 
ference between the estimated and the ex- 
pected coefficient of the inflationary expec- 
tation variable in the Fisher equation. If that 
effect provided the full explanation, so that 
no fiscal illusion were present, it would im- 
ply an implausibly high elasticity of the real 
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TABLE | —SIMULATIONS OF AFTER-TAX EXPECTED INTEREST RATES 


T T2=02 T3=03 T4 =0.4 T5=0.5 
B — 0.70 
2 1.52 1.08 0.64 0.20 
4 0.64 0.06 —0.52 —1.10 
6 —0.24 —0.96 —1.68 —240 
8 -1.12 —1.98 —2.84 —3.10 
10 —2.00 —3.00 —4.00 —5.00 
12 —2.88 -402 —5.16 —6.30 
14 —3.76 —5.04 -632 —1.60 
16 —4.64 —6.06 —7148 — 8.90 
18 —5.52 —7.08 — 8.64 — 10.20 
20 — 6.40 —8.10 —9.80 —11.50 
B — 0.80 
2 1.68 122 0.76 0.30 
4 0.96 0.34 —028 —0.90 
6 024 —0.54 -132 -2.10 
8 —0.48 -142 ~2,36- —3.30 
10 —1.20 —2.30 —3.40 — 4.50 
12 -192 —3.18 —4.44 —5.70 
14 —2.64 —4.06 —548 — 6.90 
16 —3.36 —4.94 —6.52 —8.10 
18 — 4.08 — 5,82 ~ 7.56 —9.30 
20 — 4.80 —6.70 — 8.60 — 10.50 
B — 0.90 
2 1.84 1.36 0.88 0.40 
4 1.28 0.62 —0.04 —0.70 
6 0.72 —0.12 —0.96 — 1.80 
8 0.16 —0.86 — 1.88 —2.90 
10 —0.40 — 1.60 —2.80 —4.00 
12 —0.96 —234 -3 —5.10 
l4 -152 —3.08 —4.64 —620 
16 —2.08 -382 — 5.56 —7.30 
18 ~2.64 —4.56 —6.48 —840 
20 —320 —5.30 —740 —9.50 
B —1.00 
-2 2.00 1.50 1.00 0.50 
4 1.60 0.90 0.20 —0.50 
6 1.20 0.30 —0.60 —1.50 
8 0.80 —0.30 — 1.40 —2.50 
10 0.40 —0.90 —2.20 —3.50 
12 0 —1.50 —3.00 —4,50 
14 —0.40 -2.10 —3.80 —5.50 
16 —0.80 —2.70 —4.60 —6.50 
18 —1.20 —3.30 —540 —1.50 
— 1.60 —3.90 —6.20 — 8.50 


rate with respect to changes in saving. Per- 
haps a Mundell effect, together with a fiscal 
illusion, provides the best explanation of why 
interest rates did not adjust for the effect of 
taxes in the pre-1979 period. 
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Expected Inflation and Interest Rates: Reply 


By MICHAEL MELVIN* 


Vito Tanzi's comment on my earlier study 
(1982).is based upon his belief that the 
Mundell effect alone could not likely account 
for the ex ante negative real rates observed in 
his simulations. His suggestion is that “Per- 
haps a Mundell effect, together with a fiscal 
illusion, provides the best explanation" (p. 
502). Nowhere did I argue that the Mundell 
effect was all-encompassing. The nominal in- 
terest rate is determined by many factors 
besides expected inflation (7). My reduced- 
form nominal interest rate equation includes 
inflation uncertainty, the current and lagged 
money stock, and the lagged price level as 
well as expected inflation as arguments. Thus, 
at any point in time, the nominal rate will 
shift with a movement in any of these vari- 
ables. One way of looking at this is that 
holding v constant, i will vary with the other 
predetermined variables so that the real rate 
changes. Since Tanzi and previous researchers 
have used partial equilibrium analysis to 
highlight the relation between v and i, we 
tend to forget that the level of the real rate 
depends upon all the predetermined vari- 
ables of the system. To concentrate on the 
partial derivative of i with respect to 7, we 
must take as given some initial i, holding 
constant the other factors influencing i. 
Tanzi's simulations set the real rate of inter- 
est (r) initially equal to .03. Then by assum- 
ing different values for di/da and 7, he 
generates implied values for the after-tax real 
interest rate (r*). Since the after-tax real rate 
turns negative at quite low rates of 7, Tanzi 
concludes that fiscal illusion is present as 
“interest rates did not adjust for the effect of 
taxes" (p. 502). 

The simple fact that the after-tax real rate 
turns negative need imply nothing regarding 
whether or not investors are cognizant of 
taxes. There is nothing inherently unusual 
about negative real rates of interest in the 
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short run during inflationary periods. Clearly, 
if money can be costlessly stored, the nomi- 
nal rate of interest cannot be negative but 
this in no way rules out negative real rates. 

In a world of incomplete markets, there 
may be inflationary periods when a negative 
real rate of interest is the best that optimiz- 
ing agents can earn. If there was a suitable 
asset available that guaranteed a zero return, 
we would not expect to observe ex ante 
negative real rates. Benjamin Friedman 
(1980) emphasizes the limited nature of 
portfolio substitution possibilities by arguing 
that if holding goods was a feasible portfolio 
alternative, then the expected rate of infla- 
tion could be viewed as simply the return 
from holding such real assets. In such a case, 
higher expected inflation would reduce the 
lenders supply of loans directly via portfolio 
substitutions from loans (bonds) to real 
goods. The problem with this scenario, as 
stated by Friedman is: *In practice, how- 
ever, the available opportunities for such 
portfolio substitutions involving consump- 
tion or other real commodities are usually 
extremely limited; purchasing the Consumer 
Price Index basket of goods is not a feasible 
portfolio alternative" (p. 34). 

The lack of such a real asset allows market 
instruments to offer a negative yield. Of 
course, with no inflation (and costless stor- 
age), one could hold money so that we don't 
expect to observe negative rates in noninfla- 
tionary periods. Frederic Mishkin provides 
corroborating evidence in this area as he 
finds “The real rate, whether adjusted or un- 
adjusted for taxes, is negatively correlated 
with inflation" (1981, p. 191, emphasis add- 
ed) and “The real interest rate appears to 
have been positive in the 1950s and 1960s 
but has since turned negative in the mid- and 
late-1970s" (p. 192). 

Regarding Tanzi's simulations, I do not 
believe that they correctly assess the path of 
the real rate following an exogenous change 
in inflationary expectations (7). A major 
theme of my earlier paper was the emphasis 
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FIGURE 1. PRE-TAX NOMINAL INTEREST RATE SIMULATIONS 
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— — — —INCREASE EXPECTED INFLATION 10 PERCENT; 
—7 — —— BOTH EXPECTED INFLATION AND INFLATION UNCERTAINTY INCREASED 10 PERCENT 


placed on evaluating the Fisher equation and 
Darby hypothesis in the context of a rea- 
sonably comprehensive macro model. To il- 
lustrate the differences between a partial de- 
rivative approach and a total derivative, I 
have dynamically simulated the model pre- 
sented in my earlier paper.! Figure 1 presents 


lIn addition to Tanzi's failure to allow for the indi- 
rect effects of inflation on interest that are present in the 
structural model simulation, his simulations may also be 
criticized on the basis of the range of values allowed for 


expected inflation. While Tanzi considers v from 2 to 20 
percent over the 1959-75 period studied by Tanzi and 
myself, the mean value of 7 was 2.73 percent and in all 
cases fell between .19 and 7.67 percent. If we allow our 

Simulation experiment to wander far from the. actual 
experience, then the results should be corisidered with 
great caution. In the case of inflation and interest, there 
is considerable evidence that the model parameters will 
change over time with an underlying change in the 
monetary experience (see my forthcoming paper, or 
Alexander Holmes and Myron Kwast, 1979), so that 
simulations incorporating inflation expectations that 
differ greatly from those used for model estimation may 
be meaningless. i 
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the solved values of the pre-tax nominal in- 
terest rate from three alternative simulations. 
The solid line in the figure gives the path 
of the base simulation using the data used to 
estimate the model coefficients in my 1982 
article. The short-dashed line gives i values 
when the expected rate of inflation is 10 
percent higher than the control values (or 
ll). In my earlier study, the estimated 
coefficient on 7 in the reduced-form nominal 
interest rate equation was .55. Yet the simu- 
lation results indicate that the total effect of 
a change in 7 on i is greater than .55. An 
increase in expected inflation of 10 percent, 
results in a simulated value of i uniformly 
greater than that of the base simulation. 
Evaluating at the mean of each series, the 
results of these first two simulations, suggest 
a total derivative, di /d*r, equal to .73. 
While the total effect, .73, is certainly 
greater than the partial effect, .55, indicated 
by the reduced-form coefficient on 7, there is 
reason to believe that a simulation based 
solely on increasing 7 by 10 percent is quite 
unrealistic. The most obvious shortcoming is 
to assume that inflation uncertainty (o), an 
exogenous variable proxied by the standard 
deviation of the price forecasts determining 
m, is invariant to changes in v, the mean 
expected inflation rate. Over the 1959—75 
period studied, the correlation coefficient be- 
tween v and o was .90. Given that it is 
extremely unlikely that r will change while o 
is constant, the simulation was reestimated 
with both o and v increased by 10 percent. 
The longer-dashed line of Figure 1 lists the 
solved values of i. Comparing the new simu- 
lation to the base run and evaluating at the 
mean, we now find the total derivative di /d« 
equal to 1.30.? The simulations confirm the 
point made in my earlier paper that while the 


2The notion of a total derivative assumes that v 
affects i through both direct and indirect channels. One 
such indirect channel is via o. While 7 and o are both 
given to the model, the spirit of this discussion implies 
that as agents reformulate expectations regarding the 
mean expected inflation rate, they also adjust the confi- 
dence interval about this mean. Experience has taught 
that a higher mean expected inflation rate leads to a 
greater variance about this mean. Ultimately, of course, 
both v and o are determined by exogenous events like 
policy announcements. Practical considerations force us 
to make assumptions like ø is a function of 7. 
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reduced-form parameter on expected infla- 
tion is less than unity, this in no way invali- 
dates the Darby hypothesis that the nominal 
interest rate will rise by more than the ex- 
pected rate of inflation. Also, the simulations 
presented here serve to point out the limita- 
tions of Tanzi’s partial derivative-based 
simulations. 

While consideration of both indirect and 
direct effects of expected inflation on interest 
rates has suggested that the pre-tax nominal 
rate rises by more than the rise in expected 
inflation, it must be noted that the rise is not 
sufficient to prevent the simulated value of 
the after-tax real rate from turning negative 
by 1972. So while I think Tanzi's simulations 
were rather ill-conceived, I ultimately return 
to the basic problem he identifies: a negative 
after-tax real rate. 

Issues involving unobservable phenomena 
like fiscal illusion are difficult to resolve. 
While the simulations presented above have 
hopefully offered a better insight into the 
interest rate effects of expected inflation than 
Tanzi's simulations, such exercises cannot 
settle the issue. Since the notion of financial 
markets ignoring tax effects is very improba- 
ble, it seems that those who argue for the 
existence of fiscal illusion have a responsibil- 
ity to provide a theoretical basis for such 
ignorance. Considering the corporate and 
personal resources devoted to tax accoun- 
tants and lawyers, and “tax-advantaged” 
investments, not to mention the relation be- 
tween tax-free municipal bond interest rates 
and taxable bond rates, there would appear 
to be a preponderance of evidence suggesting 
that investors are quite cognizant of the ef- 
fects of taxes on the real value of interest 
payments and receipts. 

Given the incomplete state of markets and 
the consequent lack of an asset guaranteeing 
at least a zero net return during an inflation, 
the presence of negative after-tax real rates is 
not proof of fiscal illusion. 
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Auditors' Report 


February 23, 1983 


Executive Committee 
'The American Economic Association 


We have examined the balance sheets of The American Economic Association as of 
December 31, 1982 and 1981 and the related statements of revenues and expenses, changes in 
general fund and restricted fund balances and changes in financial position for the years then 
ended. Our examinations were made in accordance with generally accepted auditing standards 
and, accordingly, included such tests of the accounting records and such other auditing 
procedures as we considered necessary in the circumstances. 

In our opinion, the financial statements referred to above present fairly the financial 
position of the American Economic Association as of December 31, 1982 and 1981, its 
revenues and expenses and the changes in its financial position for the years then ended, in 
conformity with generally accepted accounting principles applied on a consistent basis. 


Touche Ross and Co. 


Certified Public Accountants 
Nashville, Tennessee 
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'THE AMERICAN ECONOMIC ÁSSOCIATION BALANCE SHEETS, DECEMBER 31, 1982 AND 1981 


1982 1981 
Assets 
CASH $ 640,267 $ 557,710 
INVESTMENTS, at market (Notes A and B) 2,808,085 1,911,347 
ACCOUNTS RECEIVABLE, less allowance for doubtful 
accounts of $337 (1982) and $1,243 (1981) 76,375 81,595 
INVENTORY OF Index of Economic Articles, at cost 37,511 65,631 
PREPAID EXPENSES 15,022 15,065 
OFFICE FURNITURE AND EQUIPMENT, at cost, less 
accumulated depreciation of $17,622 (1982) 
and $14,371 (1981) 27,216 23,284 
$3,604,536 $2,654,632 
Liabilities and Fund Balances 
ACCOUNTS PAYABLE AND ACCRUED LIABILITIES $ 361,952 $ 285,883 
DEFERRED REVENUE (Note A): 
Life membership dues 52,302 54,924 
Other membership dues 479,474 445,862 
Subscriptions 415,751 411,037 
Job Openings for Economists 16,986 15,555 
964,513 927,378 
ACCRUAL FOR DIRECTORY (Note A) 87,141 33,318 
FUND BALANCES: 
Restricted 42,636 17,731 
General . 2,110,632 1,569,287 
Unrecognized change in market value of investments 
(Notes A and C) 37,662 (178,965) 
Net Worth 2,148,294 1,390,322 
Total Fund Balances 2,190,930 1,408,053 
$3,604,536 $2,654,632 


See notes to financial statements. 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF REVENUES AND EXPENSES FOR 


THE YEARS ENDED DECEMBER 31, 1982 AND 1981 


REVENUES FROM DUES AND ACTIVITIES: 
Membership dues and subscriptions 
Nonmember subscriptions 
Job Openings for Economists subscriptions 
Advertising 
Sale of Index of Economic Articles 
Sale of copies, republications, and handbooks 
Sale of mailing list 
Annual meeting 
Sundry 


INVESTMENT GAINS (Note B) 
Net Revenues 


PUBLICATION EXPENSES: 
American Economic Review 
Journal of Economic Literature 
Directory publication (Note A) 
Job Openings for Economists 
Index of Economic Articles 


OPERATING AND ADMINISTRATIVE EXPENSES: 
General and administrative: 
Salaries 
Rent 
Other (Exhibit I) 
Committee 
Annual meeting 
Provision for federal income taxes (Note A) 


Total Expenses 


REVENUES IN EXCESS OF EXPENSES 


See notes to financial statements. 


1982 


$ 729,492 


645,362 
24,980 
87,350 
64,171 
31,813 
38,215 
36,854 
41,428 

1,699,665 

329,584 

2,029,249 


451,591 
626,065 
55,000 
46,029 
28,712 
1,207,397 


141,980 
12,016 


1981 


$ 682,186 
620,681 
21,678 
98,946 
65,752 
33,558 
38,540 
14,491 
50,578 
1,626,410 
110,224 
1,736,634 


407,226 
564311 
65,000 
41,575 
26,835 
1,104,947 


124,725 
11232 
117,081 
39,199 
3,640 
5,000 
300,877 
1,405,824 


$ 330,810 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN GENERAL FUND BALANCE 





Market 
Value 
Total Operations Adjustments 
Balance at December 31, 1980 $1,083,095 $590,806 $492,289 
Add market value adjustments resulting 
from inflation (Note A) 155,382 - 155,382 
Add revenues in excess of expenses 330,810 330,810 - 
Balance at December 31, 1981 1,569,287 921,616 647,671 
Add market value adjustments resulting 
from inflation (Note A) 87,334 - 87,334 
Add revenues in excess of expenses 454,011 454,011 - 





Balance at December 31, 1982 $2,110,632 $1,375,627 $735,005 


See notes to financial statements. 


THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN RESTRICTED FUND BALANCE 








Balance at Disburse- Balance at 
January 1 Receipts ments December 31 





YEAR ENDED DECEMBER 31, 1981: 
The Alfred P. Sloan Foundation and 
Federal Reserve System grants for 
increase of educational opportunities 
for minority students in economics $ - $ 125,727 $ 115,227 $ 10,500 
The Minority scholarship fund for 
minority students applying for 








graduate work in economics 5,000 - - 5,000 
Sundry Lill 3,626 2,506 2,231 
$6,111 $129,353 $117,733 $17,731 














YEAR ENDED DECEMBER 31, 1982: 
The Alfred P. Sloan Foundation and 
Federal Reserve System grants for 
increase of educational opportunities 
for minority students in economics $ 10,500 $114,500 $123,090 $1,910 
The Minority scholarship fund for ` 
minority students applying for . 
graduate work in economics 5,000 - - 5,000 
The Rockefeller Foundation grant 
for minority students applying for 


graduate work in economics $ - 58,500 25,105 33,395 
Sundry 2,231 100 - 2,331 
$17,731 $173,100 $148,195 $42,636 











See notes to financial statements. 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN FINANCIAL POSITION 
FOR THE YEARS ENDED DECEMBER 31, 1982 AND 1981 


1982 1981 
Cash, beginning of year $557,710 $393,920 
SOURCES OF CASH: 
Revenues in excess of expenses 454,011 330,810 
Noncash charges: 
Depreciation 2,609 2,077 
Directory publication (Note A) 55,000 65,000 
Market value adjustments (Note A) (120,654) 48,353 
Cash provided by operations 390,966 446,240 
INCREASE (DECREASE) IN CASH DUE TO CHANGES IN: 
Investments (896,738) 13,533 
Accounts receivable — 5,220 13,777 
Inventory of Index of Economic Articles 28,120 (10,074) 
Prepaid expenses 43 6,949 
Office furniture and equipment (6,601) (1,421) 
Accounts payable and accrued liabilities 76,069 71,810 
Deferred revenue 37,135 78,147 
Accrual for directory (1,177) (170,784) 
Restricted funds 24,905 11,620 
General fund, market value adjustment 87,334 155,382 
Unrecognized change in market value of 
investments 337,281 (451,389) 





Cash, end of year $ 640,267 $ 557,710 


See notes to financial statements. 


Notes to Financial Statements 
A. Summary of Significant Accounting Policies 


Investments are accounted for on a market value basis. According to the method the Association uses to value 
investments, the change in market value of corporate stocks, government obligations, bonds and commercial paper 
during the year, after adjusting for an inflation factor (4.6% in 1982 and 8.6% in 1981), is recognized in income over a 
three-year period for corporate stocks and reflected in current income for government obligations, bonds and 
commercial paper. 


The accrual for directory results because every three to five years the Association publishes a directory which lists, 
among other things, the names and addresses of its membership. This directory was most recently published in 1981 
and distributed at no cost to the membership. In order to match more properly the publishing cost of this directory 
with revenue from membership dues, the Association provided $55,000 in 1982 and $65,000 in 1981 for estimated 
publishing costs which will reduce actual directory expenses in the year of publication. 


Deferred revenue represents income from membership dues and subscriptions to the various periodicals of the 
Association which are deferred when received. These amounts are then recognized as income following the 
distribution of the specified publications to the members and subscribers of the Association. Income from life 
membership dues is recognized over the estimated average life of these members. 


The American Economic Association files its federal income tax return as an educational organization, substan- 
tially exempt from income tax under Section 501(c) (3) of the Internal Revenue Code. As required by Section 511(a) 
of this Code, the Assocíation provides for federal income taxes on certain revenues which are not substantially related 
. to its tax exempt purpose. This "unrelated business income" includes income from advertising and the sale of mailing 
lists. The Association has been determined to be an organization which is not a private foundation. 
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B. Investments and Investment Income 


Investments consist of: 


December 31, 1982 December 31, 1981 
Cost Market Cost : Market 
Government obligations, 
bonds, and commercial paper $ 829,121 $ 927,110 $ 514,807 i $ 516,537 
Corporate stocks 1,237,507 1,880,975 1,133,260 1,394,810 
$2,066,628 $2,808,085 $1,648,067 $1,911,347 


Investment gains (losses) recognized consist of: 











Year Ended December 31 
1982 1981 
Government obligations, bonds, and commercial paper: 
Interest $146,549 $103,813 
Increase (decrease) in market value recognized 72,091 (33,995) 
218,640 l 69,818 
Corporate stocks: 
Cash dividends 62,381 54,764 
Increase (decrease) in market value recognized (Note C) 48,563 (14,358) 
: 110,944 40,406 
Investment gains, net $329,584 $110,224 














C. Unrecognized Change in Market Value of Investments 


As described more fully in Note A, the Association recognizes in income over a three-year period changes in 
the market value of its corporate stocks. The following summarizes the years in which market value changes in stocks 
occurred that affect 1982 and 1981 revenues, and the amount of these market value increases (decreases) that will be 
recognized in income in future periods. 


Year of ; 
Market Value Recognized in To be Unrecognized 
Change Income in Recognized in Change 
1982 1981 1983 1984 - 1982 ' 1981 
1979 $ - $ 25,475 $ - $ - $ - - 
1980 99,298 99,298 - - - 99,298 
1981 (139,131) (139,131) (139,131) - (139,131) (278,263) 
1982 88,396 = 88,396 88,397 . . 176,793 - 


$ 48863 (8 14358)  $ 50,735 (s 88397) (S 37,662) ` ($178,965) 


D. Retirement Annuity Plan 


Employees of the Association are eligible for participation in a contributory retirement annuity plan. 
Payments by the Association and participating employees are based on the employee's compensation. Benefit 
payments are based on the amounts accumulated from such contributions. The total pension expense was approxi- 
mately $21,000 and $18,000 for 1982 and 1981, respectively. 
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EXHIBIT 1 — THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF OTHER 
GENERAL AND ADMINISTRATIVE EXPENSES FOR THE YEARS ENDED 
DECEMBER 31, 1982 AND 1981 


1982 1981 
Dues and subscriptions $ 42,405 $ 9,00 
Mailing list file maintenance ! 20,535 22,455 
Postage 19,751 18,377 
Periodic mailing expenses 14,019 13,017 
Accounting and legal 12,200 12,150 
Office supplies 11,271 14,520 
Economic Institute Fellowships 10,000 - 
Investment counsel and custodian fees 8,474 7,242 
President and president-elect expenses 4,368 4,900 
Insurance and miscellaneous 4,062 5,739 
Telephone 4,010 4,074 
Depreciation (straight-line method) 2,609 2,077 
Currency exchange charges 1,614 © 1248 
Travel and entertainment 783 1,370 
Uncollectible réceivables 540 512 








$156,641 $117,081 





NOTES 


1984 Nominating Committe of AEA 


In.accordance with Section IV, paragraph 2, of the 
bylaws of the American Economic Association as 
amended in 1972, President-Elect Charles L. Schultz has 
appointed a Nominating Committee for 1984 consisting 
of William J. Baumol, Chair; Clair Brown, Robert M. 
Coen, John J. Gurley, Stanley Lebergott, Glenn C. 
Loury, and Richard H. Thayler. Attention of members 
is called to the part of the bylaw reading, “In addition 
to appointees chosen by the President-Elect, the Com- 
mittee shall include any other member of the Associa- 
tion nominated by petition including signatures and 
addresses of not less than 2 percent of the members of 
the Association, delivered to the Secretary before De- 
cember 1. No member of the Association may validly 
petition for more than one nominee for the Committee. 


The names of the Committee shall be announced to the . 


membership immediately following its appointment and 
the membership invited to suggest nominees for the 
various officers to the Committee.” 


Nominations for AEA Officers: 1984 


The Electoral College on March 18 chose Charles P. 
Kindleberger as nominee for President-Elect of the 
American Economic Association in the balloting to be 
held in the autumn of 1983. Other nominees (chosen by 
the 1983 Nominating Committee) are: Vice President 
(two to be elected), Hollis B. Chenery, Zvi Griliches, 
Robert L. Heilbroner, and Henry J. Aaron; for mem- 
bers of the Executive Committee (two to be elected), 
Michael R. Darby, Stanley Lebergott, Janet L. Norwood, 
and Victor R. Fuchs. 

Under a change in the bylaws as described in the 
American Economic Review Proceedings, May 1971, page 
472, additional candidates may be nominated by peti- 
tion, delivered to the Secretary by August 1, including 
signatures and addresses of not less than 6 percent of 
the membership of the Association for the office of 
President-Elect, and not less than 4 percent for each of 
the other offices. For the purpose of circulating peti- 
tions, address labels will be made available by the 
Secretary at cost. 


New Hertz Car Rental Rate: Effective February 1, 
1983, AEA members are entitled to a 15 percent dis- 
count on “Standard Unlimited Mileage Rates” at all 
Hertz corporate and participating licensee locations in 
the United States. This discount applies to basic or 
standard rates in the United States only. It does not 
apply to prediscounted rates such as touring rates, econ- 
omy fares, weekend specials, etc. The old discount rate 
was 5 percent; see the Notes section of this Review, 
December 1982, p. 1214. 
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Proposals are invited by the Japan-U.S. Educational 
Commission from American and Japanese scholars and 
professionals for a special project on U.S.-Japan Eco- 
nomic and Trade Relations. The proposal must include 
a detailed explanation of the research including its rele- 
vance to economic and trade relations between the 
United States and Japan; curriculum vitae; a projected 
Schedule not to exceed two years; and a budget. The size 
of the grants will depend on the nature of the submitted 
proposals. The maximum grant would be approximately 
$100,000. The application deadline is September 30, 
1983. For further information or forms, contact Jennifer 
Keefe, Program Officer, Council for International Ex- 
change of Scholars, 11 Dupont Circle, Suite 300, 
Washington, D.C. 20036. (Telephone 202 + 833-4981.) 
In Japan, contact the Japan-U.S. Educational Commis- 
sion, 2-14-2, Nagata-cho, Chiyoda-ku, Japan 100. 


The Institute for Research on Poverty at the Univer- 
sity of Wisconsin-Madison, in association with the Office 
of the Assistant Secretary for Planning and Evaluation, 
Department of Health and Human Services, is sponsor- 
ing a Small Grants-Visitors Program for social scien- 
tists doing empirical poverty research related to a variety 
of topics, including trends in economic status and the 
efficiency and equity effects of income transfer policies. 
The Program will be from July 1, 1983 to December 31, 
1984. For further information, contact the Director, 
Institute for Research on Poverty, 3412 Social Science 
Building, University of Wisconsin, Madison, WI 53706. 


The Association for Canadian Studies in the United 
States will hold its seventh biennial conference Septem- 
ber 29—October 1, 1983, at the Samoset Resort in Rock- 
port, Maine. All areas of Canadian studies will be 
represented. For further details, contact the ACSUS 
National Office, 1776 Massachusetts Ave., NW, Wash- 
ington, D.C. 20036. (Telephone 202 + 822-8688.) 


Nominations for candidates for Sloan Research Fel- 
lowships are being accepted for the period beginning 
September 1984. The deadline is September 15, 1983. 
Candidates must be members of the faculty at a college 
or university in the United States or Canada, and must 
be at an early stage of their research careers. For 
information and nomination forms, contact Fellowships 
for Basic Research, Alfred P. Sloan Foundation, 630 
Fifth Avenue, New York, NY 10111. 


The ninth annual meeting for the Society for 
Historians of American Foreign Relations will be held 
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at the Catholic University of America, Washington, 
D.C., August 4—6, 1983. Further information may be 
obtained from Alan K. Henrikson, Chaitman, SHAFR 
Program Committee, The Fletcher School of Law and 
Diplomacy, Tufts University, Medford, MA 02155. 


Members of the NBER-NSF Seminar on Bayesian 
Inference in Econometrics and Statistics announce the 
institution of an annual Leonard J. Savage Award of 
five hundred dollars ($500) for an outstanding doctoral 
dissertation in the area of Bayesian Econometrics and 
Statistics. To be considered for the 1983 Savage Award, 
a doctoral dissertation must be submitted by the disser- 
tation supervisor before July 1, 1983, accompanied by a 
short letter from the supervisor summarizing the main 
results of the dissertation. Dissertations completed after 
January 1, 1977 are eligible to be considered for the 
1983 Savage Award. An Evaluation Committee will be 
appointed by the board of the Leonard J. Savage Memo- 
rial Trust Fund (M. H. DeGroot, S. E. Fienberg, S. 
Geisser, J. B. Kadane, E. E. Leamer, J. W. Pratt, and A. 
Zellner, Chairman) to evaluate dissertations that are 
submitted for the Savage Award. Dissertations and 
supporting letters should be sent to Professor Arnold 
Zellner, Graduate School of Business, University of 
Chicago, 1101 East 58th Street, Chicago, IL 60637. 

The winner of the 1982 Leonard J. Savage Thesis 
Award is Soo Hong Chew, “Two Representation Theo- 
rems and Their Application to Decision Theory," com- 
pleted at the University of British Columbia. The Thesis 
Evaluation Committee included Bruce M. Hill (Chair- 
man), Nicholas M. Kiefer, David Lane, and Arnold 
Zellner (ex officio). 


The fifteenth annual meeting of the International 
Society for the History of Behavioral and Social Scien- 
ces (CHEIRON), will be held June 15~18, 1983, at 
Glendon College, York University, Toronto, Ontario, 
M4N 3M6. 


Global Risk Assessments, Inc. is publishing Global 
Risk Assessments: Models and Methodologies, Volume II, 
scheduled for release during winter 1984. Articles and 
monographs dealing with issues of political risk assess- 
ment and management are requested. Especially desired 
are articles relating to actual corporate experiences in 
this area, formatted as case studies showing application 
of models and methods. All submissions will be re- 
viewed by an Editorial Board. The deadline is October 
31, 1983. Please forward all manuscripts to Dr. Jerry 
Rogers, President; Global Risk Assessments, Inc., 3638 
University Avenue, Suite 215, Riverside, CA 92501. 


The School of Urban and Public Affairs at 
Carnegie-Mellon University, with the support of a train- 
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ing grant from the Center for Studies in Crime and 
Delinquency of the National Institute of Mental Health, 
is offering a postdoctoral program in Quantitative 
Methods in Criminal Justice. In addition to a stipend of 
at least $13,380 (depending on years of postdoctoral 
experience), all training costs and research resources are 
provided by the training grant. A limited number of 
predoctoral fellowships are also available to individuals 
who have already completed at least two years of 
graduate study. Participation in the program can begin 
in July 1983. Applications should be submitted as early 
as possible. For further information and for application 
forms, write to Professor Alfred Blumstein, School of 
Urban and Public Affairs, Carnegie-Mellon University, 
Pittsburgh, PA 15213. 


The Council for International Exchange of Scholars 
announces the 1984-85 competition for Senior Scholar 
Fulbright awards for university teaching and postdoc- 
toral research. Awards are offered in all academic fields 
for periods of 2-10 months in over 100 countries. 
Prospective applicants may write for applications and 
additional details on awards, specifying the country and 
field of interest, to: Council for International Exchange 
of Scholars, 11 Dupont Circle, Suite 300, Washington, 
D.C. 20036. All applicants must be U.S. citizens and 
have had college or university teaching experience 
and/or a Ph.D. or the equivalent. The applications 
deadlines are June 15, 1983, for American Republics, 
Australia, and New Zealand, and September 15, 1983, 
for Africa, Asia, Europe, and the Middle East. 


Twelve long-term (6-10 months) and nine short-term 
(2-3 months) research awards, without restriction as to 
field, are offered for 1984-85 by the Indo-U.S. Subcom- 
mission on Education and Culture, Applicants must be 
U.S. citizens at the postdoctoral or equivalent profes- 
sional level. Fellowship terms include: $1,200-$1,500 
per month, depending on academic/professional 
achievement and seniority, $350 per month payable in 
dollars and the balance in rupees; an allowance for 
books and study /travel in India; and international travel 
for the grantee. In addition, long-term fellows receive 
international travel for dependents; a dependent al- 
lowance of $100-$250 per month in rupees; and a 
supplementary research allowance up to 34,000 rupees. 
This program is sponsored by the Indo-U.S. Subcom- 
mission on Education and Culture and is funded by the 
U.S. Information Agency, the National Science Founda- 
tion, the Smithsonian Institution, and the Government 
of India. The application deadline is July 1, 1983. Appli- 
cation forms and further information are available from 
the Council for International Exchange of Scholars, 
Attention: Indo-American Fellowship Program, Eleven 
Dupont Circle, Suite 300, Washington, D.C. 20036. 
(Telephone 202 + 833-4985.) 
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Call for Papers: The annual meeting of the Gesell- 
schaft für Wirtschafts- und Sozialwissenschaften- Verein 
für Socialpolitik, “World Economic Development: 
Problems and Perspectives,” will be held September 
17-19, 1984. Themes will include Trade and Trade 
Policy: Primary Sector and Secondary and Tertiary Sec- 
tor; International Capital Transactions and Balance of 
Payments; the Process of Innovation and Labor Migra- 
tion; Institutions; and Econometric World Models. Send 
3—5 page abstracts, a brief curriculum vitae, and a list of 
publications (in triplicate) by August 1, 1983, to the 
Chairman of the Preparatory Committee: Professor 
Herbert Giersch, Kiel Institute of World Economics, 
P.O. Box 43 09, 2300: Kiel 1, Federal Republic of 
Germany. (Telephone 0431/884-236.) 


The International Society for Inventory Research 
(ISIR) was established at the August 1982 meeting of 
the Second International Symposium on Inventories. 
The ISIR provides those engaged in inventory research 
with an opportunity to exchange views and report on 
research progress. The constitution for the society pro- 
vides for two official languages, English and Russian. 
The next meeting is tentatively scheduled for August 
1984 in Budapest. Further information can be obtained 
from the President, Professor Kenneth J. Arrow, De- 
partment of Economics, Stanford University, Stanford, 
CA 94305, or the Secretary General, Dr. Attila Chikan, 
Karl Marx University of Economics, Budapest Pf. 489, 
Hungary, H-1882. 


The John M. Olin Fellowship Program in Law and 
Economics, administered by the Law and Economics 
Center, Emory University, is accepting applications for 
the class entering in August 1984. The three-year pro- 
gram leads to the Doctor of Law degree and is designed 
for individuals with a strong foundation in graduate 
microeconomics and its application. Five fellowships are 
available each year that provide full tuition and fees 
(currently about $6,200 per year) plus stipends of at 
least $8,000 per year ($7,000 per year for Fellows without 
the Ph.D.). Up to five additional fellowships of lesser 
amounts may also be offered each year. The deadline for 
submitting applications is March 1, 1984. Candidates 
must apply separately to the School of Law and should 
register for the Law School Admissions Test no later 
than January 1984. All awards will be made no later 
than April 1, 1984. Early applicants may request early 
decisions. For information, write to the John M. Olin 
Fellowship Program, Law and Economics Center, Emory 
University, Altanta, GA 30322. Members of the Center 
will attend the meetings of the WEA (Seattle, July 
20-24), the SEA (Washington, November 20-22), and 
the AEA (San Francisco, December 28-30). Interested 
persons should request information and application 
packets, and may reserve time for an interview at any 
convenient meeting listed. 
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Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that are 
concerned with the humanistic aspects of their discipline 
are eligible to apply for small travel grants of the 
American Council of Learned Societies. Financial assis- 
tance is limited to air fare between major commercial 
airports and will not exceed one-half of projected econ- 
omy-class fare. Social scientists and legal scholars who 
specialize in the history or philosophy of their disci- 
plines are eligible if the meeting they wish to attend is so 
oriented. Applicants must hold a Ph.D. degree or its 
equivalent, and must be citizens or permanent residents 
of the United States. To be eligible, proposed meetings 
must be broadly international in sponsorship or par- 
ticipation, or both. The deadlines for applications to be 
received in the ACLS office are: meetings scheduled 
between July and October, March 1; for meetings sched- 
uled between November and February, July 1; for meet- 
ings scheduled between March and June, November 1. 
Please request application forms by writing directly to 
the ACLS (Attention: Travel Grant Program), 800 Third 
Avenue, New York, NY 10022, setting forth the name, 
dates, place, and sponsorship of the meeting, as well as a 
brief statement describing the nature of your proposed 
role in the meeting. 


Deaths 


Leif Johansen, professor, Institute of Economics, 
University of Oslo, December 29, 1982. 

Benjamin Joseph Katz, professor of economics, New 
York University, October 1, 1982. 

Fritz Machlup, professor of economics at New York 
University and professor emeritus at Princeton Univer- 
sity, January 30, 1983. 

Wesley S. Mellow, Office of Research and Evalua- 
tion, U.S. Bureau of Labor Statistics, December 10, 
1982. 


Retirement 


Charles J. Kennedy, professor of economics and busi- 
ness history, University of Nebraska-Lincoln, May 1982. 

John F. Timmons, professor of economics, Iowa State 
University, December 31, 1982. 


Promotions 


Sham L. Bhatia: associate professor of economics, 
Indiana University-Northwest, July 1, 1982. 

Richard V. Burkhauser: associate professor of eco- 
nomics, Vanderbilt University, September 1, 1982. 

Christine M. Cumming: chief, Industrial Economies 
Division, international research department, Federal 
Reserve Bank of New York, January 1, 1983. 

James L. Dietz: professor of economics, California 
State University-Fullerton, September 1982. 
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Peter Fousek: executive vice president and director of 
research, Research and Statistics Function, Federal Re- 
serve Bank of New York, January 1, 1983. 

Richard J. Gelson: vice president, Research and Sta- 
tistics Function, Federal Reserve Bank of New York, 
January 1, 1983. 

Laurie S. Goodman: senior economist, financial 
markets department, Federal Reserve Bank of New 
York, January 13, 1983. 

Roger M. Kubarych: senior vice president and dep- 
uty director, Research and Statistics Function, Federal 
Reserve Bank of New York, January 1, 1983. 

Arturo C. Porzecanski: vice president, International 

Economics Department, Morgan Guaranty Trust Co. of 
New York, November 1, 1982. 

Irwin D. Sandberg: senior vice president, Foreign 
Relations Function, Federal Reserve Bank of New York, 
January 1, 1983. 

Vincenzina Santoro: vice president, Morgan Guaranty 
Trust Co., November 1982. 

Richard C. Schiming: associate professor of econom- 
ics, Mankato State University, September 15, 1982. 

Eric J. Solberg: professor of economics, California 
State University-Fullerton, September 1982. 

George H. Sweeney: associate professor of econom- 
ics, Vanderbilt University, September 1, 1982. 

Miguel A. Valdivieso: manager, financial planning 
and economics, Regional Transportation Authority, Oc- 
tober 1982. 

John A.-Wenninger: assistant vice president, Re- 
search and Statistics Function, Federal Reserve Bank of 
New York, January 1, 1983. 


Administrative Appointments 


George Blyn: chairman, department of economics, 
Camden College, Rutgers University, January 1, 1983. 

Richard V. Butler, Temple University: chairman, de- 

- partment of economics, Trinity University, July 1982. 

Joseph Horton: dean, W. Fielding Rubel School of 
Business, Bellarmine College, Fall 1982. 

Arthur Kraft, University of Nebraska-Lincoln: dean, 
College of Business and Economics, West Virginia Uni- 
versity, July 1, 1983. 

Eric J. Solberg: chair, department of economics, 
California State University-Fullerton, September 1982. 

William B. Walstad: director of economic education, 
University of Nebraska-Lincoln, August 1982, 


Appointments 


Moshe Adler: assistant professor of economics, Uni- 
versity of California-Davis, July 1, 1982. 

Juan Amieva-Huerta: assistant professor economics, 
Anahuac University, Mexico, Spring 1983. 

Bruce R. Bartlett: executive director, Joint Economic 
Committee, U.S. Congress, January 3, 1983. 

John Bender, University of Chicago: economist, Eco- 
nomic Policy Office, Antitrust Division, U.S. Depart- 
ment of Justice, October 1982. 
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David M. Blau, Yale University: assistant professor 
of economics, University of Miami, August 1982. 

William L. Breit, University of Virginia: professor of 
economics, Trinity University, January 1983. 

Richard V. Butler, Temple University: associate pro- 
fessor of economics, Trinity University, July 1982. 

Peter J. Coughlin, Carnegie-Mellon University: as- 
sistant professor of economics, University of Maryland- 
College Park, August 1982. 

Mark Dynarski: assistant professor of economics, 
University of California-Davis, July 1, 1981. 

Elizabeth Goldstein: economist, Developing Econo- 
mies Division, external financing department, Federal 
Reserve Bank of New York, November 1, 1982. 

William Hall, University of Michigan: economist, 
Economic Policy Office, Antitrust Division, U.S. De- 
partment of Justice, September 1982. 

Timothy Hau: assistant professor of economics, Uni- 
versity of California-Davis, July 1, 1981. 

Kenneth Heyer, University of California-Los Angeles: 
economist, Economic Policy Office, Antitrust Division, 
U.S. Department of Justice, October 1982. 

Barbara H. Kehrer, Mathematica Policy Research: 
senior program officer, The Robert Wood Johnson 
Foundation, November 15, 1982. 

Kenneth Kletzer: assistant professor of economics, 
University of California-Davis, July 1, 1982. 

Kishore G. Kulkarni, University of Pittsburgh: as- 
sistant professor of economics and finance, University 
of Central Arkansas, August 15, 1982. 

Douglas O. Love: adjunct assistant professor of eco- 
nomics, University of Nebraska-Lincoln, August 1982. 

LeAnn McGranahan: adjunct assistant professor of 
economics, Iowa State University. 

Frank J, P. Pinto: secretary, United Nations Inter- 
agency Technical Energy Group, and UNDP Technical 
Energy Coordinator with the UN Department of Inter- 
national Economic and Social Affairs, New York, Oc- 
tober 1981. 

Philip K. Robins, SRI International: professor of 
economics, University of Miami, August 1982. 

Daniel H. Saks, Brookings Institution: professor 
of educational policy, George Peabody College for 
Teachers, and professor of economics, Vanderbilt Uni- 
versity, September 1983. 

Theodore R. Valentine, Vanderbilt University: visit- 
ing assistant professor of economics, Trinity University, 
July 1982. 

William B. Walstad: associate professor of econom- 
ics, University of Nebraska-Lincoln, August 1982. 

David Weisberg, Stanford University: economist, 
Economic Policy Office, Antitrust Division, U.S. De- 
partment of Justice, January 1983. 

Michael Williams, University of Chicago: economist, 
Economic Policy Office, Antitrust Division, U.S. De- 
partment of Justice, November 1982. 


Leaves for Special Appointments 


LeAnn McGranahan, Iowa State University: Agency 
for International Development, Zambia. 


518 THE AMERICAN ECONOMIC REVIEW JUNE 1983 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following style: 


A. Please use the following categories: 


1 — Deaths ; ` 6—New Appointments 

2— Retirements ] 7—Leaves for Special Appointments (NOT Sabbaticals) 
3— Fóreign Scholars (visiting the USA or Canada) 8—Resignations 

4— Promotions 9— Miscellaneous 


5— Administrative Armen l : * tun 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: her 
new title (if any), new institution and the date at which the change will occur. 


- C. Type each item on a separate 3X 5 card and please do not send public relations releases. 


D. The closing dates for each issue are as follows: March, October 15; June, January 15; September, April 15; 
December, July 15. ' 

All items and information should be sent to the Assistant Production Editor, American Economic Review, Room 
8279, Bunche Hall, University of California, Los Angeles, CA 90024. ; 


NOTICE TO ALL GRADUATE DEPARTMENTS 


The Decker 1983 issue of the Review will carry the eighticth list. of doctoral dissertations ‘in political 
economy in American universities and colleges. The list will specify doctoral degrees conferred during the academic 
year terminating June 1983. This announcement is an invitation to send us information for the preparation of the list. 


The Review will publish in its December 1983 issue the names of those who will have been awarded: the doctoral 
degree since June 1982 and the titles of their dissertations. Dissertation abstracts are not published, as these are 
published elsewhere. 

By June 30, please send us this information on 3X5 cards, conforming to the style shown below, one card for each 
individual. Please indicate by a classification number in the right-hand corner the field. in which the thesis should be 
classified. The classification system is that used by the Journal of Economic Literature ànd printed in every issue. 


^ 


ep ha 
Fr `t 


JEL Classification No. 


Name: LAST NAME IN CAPS: First Name, Initial 


Institution Granting Degree: 





Degree Conferred (Ph.D. or D.B.A.) —— 


Dissertation Title: 








From our first— 
JOURNAL OF POLITICAL ECONOMY 


The best general interest economics journal (according to a survey of the AEA), 
JPE publishes analytical, interpretive, and empirical studies in all traditional 
areas of economics (including monetary theory, fiscal policy, labor economics, 
planning and development, international trade, and finance) as well as 
interdisciplinary studies. Published bimonthly. Edited by Jacob A. Frenkel, 
James J. Heckman, Sam Peltzman, and George J. Stigler. 


—to our latest | 


JOURNAL OF LABOR ECONOMICS 
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Topics covered include supply and demand for labor services, compensation, 
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George R. Neumann, and Robert Topel. 
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Professor, Stanford University | 
1972 Nobel Memorial Prize — 
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Times Mirror College Publishing, a division of The C.V. Mosby Company, will 
begin publishing a full line of economics texts at both undergraduate and 
graduate levels. We are very pleased that Dr. Arrow will be advising us in this 
publishing effort. 
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POVERTY AND POLIC 
IN AMERICAN HISTORY 
MICHAEL B. KATZ 


A Volume in the STUDIES IN SOCIAL 
DISCONTINUITY Series 


Dr. Katz uses records of welfare clients, 
poorhouses, and studies of paupers, tramps, 
and other groups to demonstrate the inte- 
: gral role of dependence in working-class 
life. He illustrates the effects of the wide 
gap between beliefs about poor people and 
their actual experience and demography 
on social policy. 

1983, 304 pp., $27.50 

ISBN: 0-12-401760-6 (cloth) 

1983, 304 pp., $12.50 

ISBN: 0-12-401762-2 (paper) 


WORKERS' EARNINGS 
` AND CORPORATE 


ECONOMIC STRUCTURE 
RANDY HODSON 


A Volume in the STUDIES 
IN POPULATION Series 


In this study, Hodson examines the role of 
industry- and firm-level corporate struc- 
ture in determining employees’ earnings. 
He emphasizes market, technical, and or- 
ganizational characteristics of the work- 
place and argues that corporate structures 
should be reconceptualized in terms of re- 
source provision to workers and owners. 
1983, c. 238 pp., in preparation 

ISBN: 0-12-351780-x 


THE EXPORT-IMPORT BANK 
AN ECONOMIC ANALYSIS 

DAVID P BARON 

A Volume in the ECONOMIC THEORY, 
ECONOMETRICS, AND 
MATHEMATICAL ECONOMICS Series 


This volume critically analyzes the export 
financing issue and the Eximbank's efforts to 
fulfill its congressional mandate. Baron of- 
fers recommendations concerning Eximbank 
administrative procedures and United States 
export financing objectives and proposes 
strategies for achieving these objectives. 
1983, 360 pp., $39.50 

* ISBN: 0-12-079080-7 


Two Volumes in the 
QUANTITATIVE STUDIES 
IN SOCIAL RELATIONS Series .. . 


THE STRUCTURAL 
DETERMINANTS 


OF UNEMPLOYMENT 
VULNERABILITY AND POWER 
IN MARKET RELATIONS 


PAUL G. SCHERVISH 


This work proposes and tests a theory on 
the sociology of unemployment in the Unit- 
ed States from 1969 to 1978. The author de- 
fines the structural determinants of unem- 
ployment and examines three such deter- 
minants: class position, the product market 
characteristic of the firm, and the period of 
the business cycle. Economic outcomes are 
then linked to the effects of these determi- 
nants on the vulnerability and power of 
workers in the labor market. 

1983, 256 pp., $29.50 

ISBN: 0-12.623950-9 


ASCRIPTION AND LABOR 


MARKETS 

RACE AND SEX DIFFERENCES 
IN EARNINGS 

TOBY L. PARCEL 

and CHARLES W. MUELLER 


The authors analyze earnings attainment 
as a function of personal and structural 
characteristics for workers who vary by 
race and sex. This investigation is set in 
the contexts of local, industrial, and occu- 
pational labor markets as well as measures 
of workers' class/authority positions. 
1983, 336 pp., $32.50 

ISBN: 0-12-545020-6 


Send payment with order and, save postage and han- 
dling. Prices are in U.S. dollars and are subject to 
change without notice. 


ACADEMIC PRESS, INC. 
A Subsidiary of 
Harcourt Brace Jovanovich, Publishers 
New York « London « Toronto * Sydney 
San Francisco 
111 FIFTH AVENUE, N.Y., N.Y. 10003 
313323 
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CAMBRIDGE 


Inside the Black Box 
Technology and Economics 


Nathan Rosenberg z 
Rosenberg breaks open the black box—the 
mythical container that economists have 
treated as the incubator for technological 
phenomena and have chosen not to peer into 
too closely. Examining the mechanism of 
technological change, he shows how specific 
features of individual technologies have 
shaped a number of variables of major con- 
cern to economists” the rate of productivity 
improvement; the nature of the learning pro- 
cess underlying technological change; the 
speed of technology transfer; and the effec- 
tiveness of government policies intended to 
influence technologies. 

' Hardcover $29.95 Paper $12.95 


What Political Economy 
Is All About 


An Exposition and Critique 
Ezra Mishan 
Dr. Mishan discusses the basis for prescrip- 
tive economics and the rationale of the econ- 
omist's efficiency criterion. This leads to 
considerations of standard allocation rules, 
the concept of consumer surplus and rent, 
and of second best and externalities. The 
book concludes with a discussion of sources 
of economic failure in a technological age. 
Hardcover $32.50 Paper $9.95 


Now in paperback 
The Years of High Theory 


Invention and Tradition in Economic 
Thought 1926-1939 

G.L.S. Shackle 

A reissue, in paperback, of Professor 
Shackle’s classic work first published in 
1967, for which he has provided a new fore- ' 









































word. $14.95 
Structural Change and 
Economic Growth 

A Theoretical Essay on the Dynamics 

of the Wealth of Nations . 


Luigi L. Pasinetti 

Also in paperback, Pasinetti's original theo- 
retical treatment of the problems of main- 
taining full employment. 

“This is the culmination of Professor 
Pasinetti’s work on growth and income dis- 
tribution, to which he has already made such 
notable contributions... "—The Eccnomic 
Journal . $14.95 





Exchange-Rate Determination 
Anne O. Krueger 


In this concise study, Professor Krueger 
analyzes the behavior of the international 
monetary system and economists' ideas 
about it in the post-war period. Contrasting 
the floating exchange rate system of the 
1970s with a fixed exchange rate system, she 
presents a thorough survey of the modern 
theory of exchange rate determination. 
Cambridge Surveys of Economic Literature 
Hardcover $34.50 Paper $9.95 


Now in paperback 


Asset Markets and 
Exchange Rates 


Modeling an Open Economy 

ABRIDGED EDITION 

Polly Reynolds Allen and 

Peter B. Kenan . 

This paperback edition consists of the first 
three parts of Asset Markets, Exchange 
Rates and Economic Integration. These 
three parts stand alone, as the authors 
intended. Allen and Kenan synthesize and 
extend recent developments in international 
monetary theory using a general model of an 
open economy. i 

“An important achievement. It works out in 
detail and in a notably systematic fashion 
the implications of the new approach to bal- 
ance of payments or exchange rate theory” 
—The Economic Journal $1795 


Limited-Dependent and . 
Qualitative Variables 

in Econometrics 

G.S. Maddala 

Professor Maddala presents the econometric 
analysis of single equation models where the 
jointly dependent variables can be contin- 
ous, categorica], ọr truncated. 

Econometric Society Monographs in 
Quantitative Economics $39.50 


International Industrial 
Productivity 

A Comparison of Britain, America, 
and Germany 

A.D. Smith, D.M.W.N. Hitchens 
and S.W. Davies 


NIESR Occasional Paper XXXIV $24.95 
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Rational Expectations 


Steven M. Sheffrin ^ 
This book develops the logic behind the 
"rational expectations" approach, discussing 
in detail the progress that has been made in 
areas ranging from macroeconomics and 
financial markets to theoretical and applied 
microeconomics. The author also looks at 
how the current debate on such questions 
has shifted due to a perception of the short- 
comings of these models and hypotheses. 
Cambridge Surveys of Economic Literature 
Hardcover $29.95 Paper $8.95 


Measuring Economic Welfare 
New Methods 


George McKenzie 

Professor McKenzie presents a solution to 
one of the most important problems of 
applied economics: the formulation of opera- 
tional procedures designed to make possible 
the evaluation of projects and economic poli- 
cies. He discusses the new method based on 
Samuelson's "money-metric/" uses examples 
to show its practicality, and compares it with 
alternative procedures. $32.50 


Investment in Education and 
Social Choice 
Tapas Majumdar 


An introduction to the new economics of 
education. Theoretical arguments are built 
around a primary distinction between indi- 
vidual decisions on investment in learning 
and institutional decisions on providing edu- 
cation. The resulting micro- and macroecon- 
omic considerations and collective choice 
questions are then addressed. The author 
applies his arguments to examples from 
Brazil, India, France, Britain and the United 
States. $29.95 


Inflation Accounting 
An Introduction to the Debate 
Geoffrey Whittington 


A concise, clear summary of the theory of 

inflation accounting that describes and illus- 

trates all the major methods. 

MARGE and Industrial Relations 3 
Hardcover $29.95 Paper $9.95 


Labor Markets and 

Inequitable Growth 

The Case of Authoritarian Capitalism 

in Brazil 

Samuel A. Morley 

The author challenges the view that Brazil’s 
inequitable growth was caused by inequita- 
ble government policies and sees it rather as 
aresult of skill-intensive growth in a labor 
surplus economy. He argues that the poor 
benefited more than the statistics imply, 
and compares Brazil with Taiwan and Korea, 
suggesting strategies that could have saved 
Brazil from uneven development. $39.50 


Brazil’s State-Owned Enterprises 
A Case Study of the State as Entrepreneur 
Thomas J. Trebat 

The first systematic analysis of the perform- 
ance of Brazil’s large state-owned enter- 
prises. Trebat examines their economic and 
financial performance in terms of their 
contributions to economic growth and con- 
cludes that they have been effective sub- 
stitutes for private investment in a number 
of strategic industries. 

Cambridge Latin American Studies 45 


about $39.50 
Public Enterprise in 
Less-Developed Countries 
Leroy P. Jones, Editor 


Seventeen papers selected from a Boston 
Area Public Enterprise Group Conference 
examine government-owned firms in less- 
developed countries that sell goods and ser- 
vices in a market. $39.50 


Central Grants to 


Local Governments 

The Political and Economic Impacts 

of the Rate Support Grant in 

England and Wales 

R.J. Bennett 

Cambridge Geographical Studies 17 $49.50 


Cambridge University Press 


32 East 57th Street, New York, N.Y. 10022 
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New Books in 


EGNOWICS 


John M. Blatt | 
DYNAMIC ECONOMIC SYSTEMS 
A Post-Keynesian Approach 


..one of the most intelligent contributions to, and certainly one of the clearest 
expositions of three major areas — growth theo , capital theory, and macro- 
economics.” — G.C. Harcourt, Jesus College, ambridge 

370 pages Cloth $35.00 





Adolph Lowe 
ON ECONOMIC KNOWLEDGE 


Toward a Science of Political Economics 


"This work is nothing less than a frontal challenge to the world view held by the 
economics profession." — Journal of Economic Issues. 
Expanded edition — for the first time in paperback. 
364 pages Paper $14.95 


Peter E. Earl 
THE ECONOMIC IMAGINATION 


“a beautifully written, sophisticated critique of orthodox economics and a 
genuine attempt to construct an alternative theory of choice. ... Essential reading 
for anyone having the slightest interest in the behavior of consumers and business 
firms." — Mark Blaug, University of London Institute of Education 

224 pages Cloth $30.00 


Malcolm C. Sawyer 


MACRO-ECONOMICS IN QUESTION 
The Keynesian-Monetarist Orthodoxies 
and the Kaleckian Alternative 


"By his comparisori of the microfoundations of [Monetarism and American 
Keynesianism] and those of the Kaleckian aiternative, the student is introduced to 
a provocative and timely debate on the macro-economic issues of the era." 
— Leonard A. Rapping, University of Massachusetts, Amherst 

220 pages Cloth $25.00 Paper $14.95 


cM. E. Sharpe, Inc. monk, New York 10504 


LEADING - 


ECONOMIC . 
INDICATORS - 


The Voice of the Poor 
Essays in Economic and Political Persuasion 
John Kenneth Galbraith 





Galbraith reverses the usual order of wealthy - . 
nations dictating to poor and shows what the . . 


underdeveloped countries could teach the rich 
about the military, economic, and cultural ' 
relationships affecting both. 

$8.95 


Two Hungry Giants 

. The United States and Japan in the 

Quest for Oil and Ores 

Raymond Vernon BE 
In this comparative analysis of policies and 
approaches, Vernon suggests what is likely to 
occur in the future as two economic super- 


powers search the world for raw materials. 
$16.00. 


Advanced Exercises 

in Microeconomics. 

Paul Champsaur and ` `~ 
Jean-Claude Milleron `. 

Translated by John P. Bonin and 
Héléne Bonin 

Through a sequence of: problems, this book, 
gives a comprehensive view of resource allo- 


cation theory. 
$2750 i 


` $20.00 


A Treatise on the Family 


-, Gary S, Becker 


l "À major achievement. It is the most important . 


book on the family to appear in many years” 
—Journal of Economic Literature 


How We Live 

An Economic Perspective on Americans 
from Birth to Death 

Victor R. Fuchs 


.. "In pellucid prose, Victor Fuchs uses econom- 


ics to enlarge our understanding of social 


. problems, and adds greatly to our ability to 


` think more carefully about a large range of 
policy issues. In a work studded with insights, 
he teaches us that to a considerable extent 
a is destiny”—John Kaplan 
$8507 c 


Capital Taxation 
Martin Feldstein 


Feldstein shows how systems of taxation influ- 
ence the rate and nature of capital formation. 

His identification of key economic and policy 

questions make this book a powerful-addition 
to the economic literature. : 

$40.00 


. An Evolutionary Theory 


of Economic Change 


` Richard R, Nelson and Sidney G. Winter 


In the most sustained attack on mainstream 
neoclassical economics in more than forty 
years, Nelson and Winter borrow the concept 
of natural selection to construct an evolution- 
ary theory of business behavior. 

Belknap $25.00 
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Risk by Choice 
Regülating Health and Safety 
in the Workplace 

W Kip Viscusi 


Here is a comprehensive analysis of the eco- 
nomic foundation of risk regulation and policy 
making, as well as new information on OSHA . 
and the White House regulatory oversight 
process. : 

$18.50 


College Choice in America 


Charles F Manski and David A. Wise 


Based on a survey of nearly 23,000 high school 
seniors, the authors explore the various fac- 
tors—family income, race, and scholastic apti- 
tude scores— that influence that final decision. 
$20.00 


The Control of Resources 

Partha Dasgupta 
This book examines the issues of resource 
utilization management and pollution control. 
Using real-world examples to illustrate difficult 
concepts, the author pays special attention to 
critical issues in environmental decision- 
making. 
$18.50 


Competition in 

the Investment 

- Banking Industry 

Samuel L. Hayes, Ill, 

A. Michael Spence, and 

David Vàn Praag Marks 

A major contribution to understanding the 
investment banking industry, this book pro- 
vides a comprehensive analysis of the current 


competitive structure of the industry. 
$20.00 


Monetarist Perspectives 
David Laidler 


Here is a clear and thoughtful introduction to 
the current literature of monetary economics 
and macroeconomics, as well as a general 
view of the macroeconomy in which recession 
and inflation are to be interpreted. 

$20.00 


Now in paperback 


Equality, The Third World, and 
Economic Delusion 
PT. Bauer 


"Bauer's arguments are brilliant and devastat- 
ingly marshalled...[The book] is studded, start 
to finish, with pure gems of insight and 
wisdom.—National Review 

$195 n 


HARVARD 
UNIVERSITY 
PRESS 


79 Garden Street, 
Cambridge, MA 02138 
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New from Tbe World Bank 


Telecommunications and Economic Development 


Robert J. Saunders, Jeremy J. Warford, and Bjorn Wellenius 


In this careful, comprehensive examination of the costs and benefits of 
telecommunications investment, the authors cite examples from both 
industrialized and developing nations to support their findings in six key 
areas: benefit estimation and accrual, the impact of investment, regulatory, 
tariff, and other policies on the benefits of telecommunications expendi- 
tures, the benefits versus the costs of telecommunications expansion, the 
economic analysis of telecommunications investment, and the effects of 
sector organization and management on sector efficiency. $29.50 


Publisbed for Tbe World Bank by 
The Johns Hopkins University Press 


Baltimore, Maryland 21218 





From the International Monetary Fund . . . 


Exchange Rate Regimes and Policy Interdependence 





Flexible Exchange Rates and Interdependence .............. RUDIGER DORNBUSCH 
Economic Structure and Policy for External Balance ........ WILLIAM H. BRANSON 
Exchange-Rate Regimes and European-U.S. Policy 
Interdependence ............ 00. ccc cece eect eee aee ALEXANDER K, SWOBODA 
Policy Interdependence from a Latin American l 
Perspective. «oce be ec eae Pec ages e ees RICARDO H. ARRIAZU 


The Conference on Exchange Rate Regimes and Policy Interdependence was 
held in Washington on August 31, 1982 under the joint sponsorship of the 
International Monetary Fund and the National Bureau of Economic Research. The 
papers and proceedings have been published in the March 1983 issue of Staff Papers, 
the Fund's quarterly journal. The price of this issue is US$4.00 (special price of 
US$2.00 for university libraries, faculty, and students). A library bound edition is 
available for US$8.00. MF 
Advice on payment in currencies other than the U.S. dollar will be given on request. 
For information and to place orders, please write to: 

. Publications Unit 
International Monetary Fund 
Box E-116 . 
Washington, D.C. 20431 U.S.A. 
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THE LIMITS OF 
EUROPEAN INTEGRATION 


Paul Taylor. A study of the prospects for European 
economic integration which explores the resistance of 
many nations to the loss of authority in central areas. 
The Political Economy of International Change, John 
Gerard Ruggie, General Editor. 320 pp., $27.50 


CITY MONEY 


POLITICAL PROCESSES, FISCAL STRAIN, 
AND RETRENCHMENT 


Terry Clark and Lorna Ferguson. Based on a 
comparative study of 62 Standard Metropolitan 
Statistical Areas, Clark and his colleagues provide the 
most comprehensive analysis of urban fiscal strain yet 
available. 384 pp., $32.00 cl, $14.00 pa 


MONETARIST, KEYNESIAN, AND 
NEW CLASSICAL ECONOMICS 


Jerome L. Stein. Examines the disagreements 
between these schools by developing a general 
macrodynamic model and deriving a set of statistical 
hypotheses for each school and then critically 
examining them. 220 pp., New York University Press 
$25.00 : 


SELECTED ECONOMIC WRITINGS 
OF ABBA P. LERNER 


David C. Colander, Editor, Brings together all of 
Lerner's significant writings on elasticities, the 
measurement of monopoly power, consumer surplus, 
the Marshall-Lerner conditions, and many other 
topics. New York University Series in Selected 
Economic Writings. 752 pp., $65.00 


EAST-WEST TRADE AT 
THE CROSSROADS 


Robert V. Roosa, Michiya Matsukawa and Armin 
Gutowski. An examination of the realistic possibilities 
for East-West economic relations which calls for an 
enlightened understanding of the long-term benefits 
of East-West trade. A Trilateral Commission Report. 
144 pp., New York University Press $15.00 


sl 


ECONOMICALLY 
SOUND AT 
COLUMBIA 

: AND NYU 


NATION, STATE, AND ECONOMY 


CONTRIBUTIONS TO THE POLITICS AND 
HISTORY OF OUR TIMES 


Ludwig von Mises, Leland B. Yeager, Translator, The 
first English translation of von Mises’ notable 1919 
work which identified "statist trends" as the cause of 
the economic and military ruin of Austria and 
Germany. The institute for Humane Studies Series in 
Economic Theory. 248 pp., New York University Press 
$25.00 


AUCTIONS, BIDDING, 
AND CONTRACTING 
USES AND THEORY 


Richard Engelbrecht-Wiggans, Martin Shubik, and 
Robert M. Stark, Editors. Papers written by a broad 
variety of scholars provide a state-of-the-art overview 
of the subject both through surveys and in-depth 
expositions of current topics of interest. Studies in 
Game Theory and Mathematical Economics. 336 pp., 
New York University Press $31.50 


SOVIET ECONOMIC 
DEVELOPMENT 
SECOND EDITION 


Raymond Hutchings. Thoroughly revised, with a new 
section on statistical information concerning recent 
developments and an entirely new chapter on 
innovations in Soviet industry. 368 pp, New York 
University Press $32.50 cl, $11.50 pa 


SELECTED ECONOMIC WRITINGS 
OF W. ARTHUR LEWIS 


Mark Gersovitz, Editor . The first collection of all of 
the significant writings of the Nobel laureate on 
economic development, trade, aid, and other topics. 
New York University Series in Selected Economic 
Writings. 832 pp. $65.00 


Send for our free Political Science catalog. 


Send check or money order to Dept. JN at the address 
below, including $2.00 per order for postage and 
handling. 


COLUMBIA UNIVERSITY PRESS 


136 South Broadway, Irvington, N.Y. 10533 
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Books that matter are Basic . . . 
Industrial Renaissance 


Producing a Competitive Future for America 
William J. Abernarthy, Kim B. Clark, and Alan M. Kantrow 


Three leading analysts argue that the current crisis in American industry results 
less from external factors, like energy costs, than from the failure of American 
managers to adjust to the realities of today's global markets. In this controversial 
new book, they explain how the very nature of competition has changed, what 
demands these changes place on management, and what problems they hold 
out for the future. "Addresses the key economic issues for the (1.S. in the 1980s. 

.. Invaluable.” —Steven C. Wheelwright, Stanford University - $19.00 


The Open Economy and the World Economy 
A Textbook in International Economics John Williamson 


Here at last is a textbook in international economics that is truly international, 
that discusses theory and policy from the perspective of small as well as large 
economies, and that does not limit itself to specifically U.S. problems. "A very 
successful text. Skillfully blending theory with facts, Williamson addresses the 
open economy problems of both industrialized and developing countries while 
at the same time providing a very accessible account d the relevant theory." — 
Rudiger Dornbusch, M.I.T. $23.95 


The Deindustrialization of America 


Plant Closings, Community Abandonment, and the 
Dismantling of Basic Industry 
Barry Bluestone and Bennett Harrison 


Business is taking capital out of this country's basic industries at an unpre- 
cedented rate. Two leading economists show how and where this “deindus- 
trialization” is taking place and suggest ways to put our economic policies on a 
more rational footing. “Corporate investment policies have gone astray, ex- 
porting our jobs and wrecking our communities. This important book can help 
us toward a more decent path to economic recovery." —David M. Gordon, New 
School for Social Research $19.95 


Your Money and Your Life 
A Lifetime Approach to Money Management /Robert Z. Aliber 


Here is a money management guide that ignores fads and gimmicks to concen- . 
trate on developing a lifetime strategy to fit individual financial needs. “Most 
books on investing should carry the warning: This book may be injurious to your 
financial health. Robert Aliber's low-keyed book is a welcome exception. It uses 
economics to explain to you the odds. It can give you an edge in the deadly 
serious game of personal investing.” —Paul A. Samuelson $15.95 
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. . . New books on economics 


Economic Development 


Theory, Policy, and International Policy 
Ian M.D. Little /A Twentieth Century Fund Book 


Prominent scholar and policy advisor lan M.D. Little examines failures, evaluates 
successes, and makes recommendations for the future in this major study of 
development economics. "A beautiful book to read, even for those who may 
disagree. lan Little's marvelous ability to combine penetrating economic 
analysis with the wisdom of practical experience makes this book a real treat." — 
Amartya Sen, Oxford $22.95 


. Structuralist Macroeconomics 
Applicable Models for the Third World /Lance Taylor 


Here for the first time is a comprehensive and coherent macroeconomics for 
developing countries. It develops simple, useful, and tested models for different 
groups of developing countries, models that fit real problems that economists in 
developing countries must grapple with daily. Lucidly written and brilliantly ar- 
gued, Structuralist Macroeconomics makes an important contribution both to 
macroeconomic theory and to development economics. $18.95 


The Truth About Supply-Side Economics 


Michael K. Evans 


Michael Evans, one of the nation's leading economic forecasters and himself an 
early supply-sider, here provides the first objective and documented assessment 
of the failures — and the achievements — of the supply-side experiment. Al- 
though supply-siders misunderstood the psychology of the financial markets 
and grossly underestimated the political obstacles to fiscal reform, Evans ex- 
plains, these serious failures should not obscure their real achievement in lower- . 
ing inflation and setting the country on a new course of long-run economic 
growth. — $17.95 


The International Money Game 
Fourth Edition, Revised and Expanded /Robert Z. Aliber 


When this book first appeared in 1973, it was widely hailed as the best — and 
most entertaining —introduction to the arcane mysteries of international finance 
on the market. This revised and expanded fourth edition has been thoroughly 
updated on topical developments and recent trends. "It's no joke to make a 
good read out of floating currencies, sliding parities, crawling pegs, gliding 
rates, Eurodollars and all their unsexy kin, but Professor Aliber, with a nice sense 
of irony, has done just that." — The Economist $15.50 cloth, $8.95 paper 


Basic Books, Inc. 10 East 53rd Street, New York, N.Y. 10022 
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Economist - Ph.D. 


Argonne National Laboratory, one of the fore- 
most scientific organizations, seeks a Ph.D. 
in Economics with several years of outstand- 
ing research accomplishments at a University 
or an organization engaged in economics re- 
search. Selected candidate will be expected 
to assume a leadership role in planning and 
developing future laboratory programs in re- 
source-related areas. Program areas include 
biomass resource assessments, strategic ma- 
terials studies, and energy policy studies. 


Responsibilities require at least five years 
research experience in resource economics 
or energy technology assessment, with a 
record of outstanding achievement in one of 


ONAL 
a « 


` Well defined written/oral 


these areas. 


Candidate should have thorough understand- 
ing of the principles of welfare economics 
and resource economics and their application 
to contemporary energy and natural resource 
policy issues. 


Ideal candidate is one who has demonstrated 
capability to initiate and conduct original 
high quality research and has the stature to 
motivate and lead other professional staff. 
communications 
skills and the ability to interact effectively 
with individuals in other disciplines are . 
required. 


We offer superior benefits as well as excel- 
lent potential for professional recognition. In- 
terested persons should send credentials to 
Mr. Walter D. McFall, Personnel Division, 
Box D-EES-3887-94, Argonne National Labor- 
any, 9700 South Cass Avenue, Argonne, IL 


An Equal Opportunity/ 
Affirmative Action Employer 


ANNOUNCING THE INTRODUCTION OF THE 


Review of Industrial Organization 


Edited by: 


Stanley E. Boyle — University of Arkansas at Little Rock 
P. David Qualls — University of Tennessee 


— The editorial policy of the RIO encourages analytical contributions for both es- 
tablished and beginning researchers. 


— The RIO will operate as an open forum for conflicting public policy issues. 
— Empirical papers with a solid analytical basis will be welcomed. 


All correspondence should be sent to Stanley E. Boyle, Donaghey Professor of Eco- 
nomics, College of Business Administration, University of Arkansas at Little Rock, 
33rd and University, Little Rock, AR 72204. Annual Subscription, $25.00 per 
year, four issues per year. The subscription rate for institutional buyers is $40. The 
RIO will be published by the University of Arkansas — Little Rock. 


Contact Professor Qualls immediately regarding papers related to AEA and SEJ 
meetings. Manuscript review charge, $15.00 for RIO. ew 
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Reason in Human Affairs 


Herbert A. Simon. A 1978 Nobel laureate acclaimed for his work on 
decision-making processes in economic organizations examines the 
question: What can reason (or more broadly, thinking) do for us and 
what can't it do? He explores the nature and limits of human reason, 
comparing and evaluating the major theoretical frameworks that have 
been erected to explain reasoning processes. He then applies the 
theory of bounded rationality to social institutions and human behav- 
ior, pointing out the problems créated by limited attention span— 
human inability to deal with more than one difficult problem at a 
time. He concludes that we must recognize the limitations on our 
capabilities for rational choice, and pursue goals that, in their tenta- 
tiveness and flexibility, are compatible with those limits. $10.00 


Order from your bookstore, please 


Stanford University Press 





This issue of the Review and futures market topics experts, and government 
reports the proceedings of were presented. Each officials—completed the 
the May 1982 International presentation was followed sessions. 

Research Seminar by the critique of an academic The Review is published at 
sponsored by the Chicago and industry member. least three times a year by the 
Board of Trade. Genera! discussion of the Chicago Board of Trade in 

Fiveresearch studies audience—Industry cooperation with the Chicago 

dealing with various options professionals, academic Board of Trade Foundation. 


Review of Research in Futures Markets 
Volume2 Number1 1983 © ChicagoBoardofTrade 


Grain Exports, Futures Markets, and Pricing Efficiency 

Neilson C. Conklin, Colorado State University 

Information Dissemination Uncertainty, the Continuity of Trading, 

and the Stracture of International Futures Markets 

Terry A. Marsh, Massachusetts Institute of Technology, Robert I. Webb, Subscription price 
Office of Management and Budget and University of Southern California 

Portfolio Strategies Using Treasury Bond Options and Futures $45.00 per volume 
Dennis W. Draper, University of Southern California, James W Hoag, $20.00 per Issue 
University of California, Berkeley — . . 

Futures Prices and Expected Future Spot Prices Write or telephone 
Robert W. Kolb, Emory University, James V. Jordan, Georgia Institute 1 

of Technology, Gerald D. Gay, Georgia State University qiio pier qui dude 
An Analysts of the Impact of Marking-to-Market in Hedging with LaSalle at Jackson 


Treasury Bond Futures 
Joanne Hill, Thomas Schneeweis, Robert Mayerson, Chicago, IL 60604 
University of Massachusetts, Amherst 312 435 7208/7209 
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AMERICAN ECONOMIC ASSOCIATION 


1983 Annual Membership Rates 


Membership includes: 


—a subscription to both The American Economic Review (quarterly) plus Papers and Pro- 
ceedings and the Journal of Economic Literature (quarterly). 


e Regular. member with rank of assis- e Junior member (available, to regis- 
tant professor or lower or annual tered students for three years only). 
incomes of $15,350 or less $32.00 Student status must be certified by 

your major professor or school 
Regular member with rank of asso- registrar 


ciate professor or annual incomes ; 
of $15,350/$25,600 $38. e In Countries other than the U.S.A., 


Add $9.20 to cover postage. 


Regular member with rank of full s Family member (second member- 
professor or annual income above ship without publications; two or 
$25,600 d ' more living at same address) .... $ 6.40 


Please begin my issues with: 
CJ March [] June L] September O December 


(Includes Papers 
and Proceedings) 


First Name and Initial 
Address Line 1 
Address Line 2 
Address Line 3 


City State or Country Zip/Postal Code 


PLEASE TYPE OR PRINT INFORMATION ABOVE; PLEASE SEND CHECK OR MONEY 
ORDER PAYABLE IN U:S: DOLLARS. CANADIAN AND FOREIGN PAYMENTS MUST BE 
IN THE FORM OF A U.S. DOLLAR DRAFT ON A NEW YORK BANK. 


Endorsed by (AEA member) 
Below for Junior Members Only 


I certify that the person named above is enrolled as a student at 


Authorized Signature 


PLEASE SEND WITH PAYMENT TO: 


AMERICAN ECONOMIC ASSOCIATION | 
1313 21ST AVENUE SOUTH, SUITE 809 
NASHVILLE, TENNESSEE 37212 
U.S.A. 
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SWE 


The Committee on the Status of Women in the Economics Profession 





CSWEP, an arm of the American Economic Association, publishes a thrice-yearly 
newsletter to let you know all the news - good or bad - about women in the economics 
profession. ‘ 


The newsletter carries items about: 


research on sex role issues 
new publications 
hiring (or non-hiring) of women economists 
conferences for or about women 


what other professional women’s groups are doing to 
Jurther women’s interests in their disciplines 


developments in government and industry 


CSWEP speaks up on behalf of women economists in hiring, research and governmental 
policies. 


CSWEP represents women's point of view in the committee work of the American 
Economic Association. It makes an annual report to AEA on the status of women 
economists. 


CSWEP is a presence at annual meetings of the AEA and of the regional economics 
associations. It sponsors sessions at these meetings, where research by and about women 
can get an audience. 


CSWEP publishes 2 ROSTER OF WOMEN ECONOMISTS for purposes of 
communication and job placement. Dues-paying members receive the latest roster, 
which lists women economists by and where they teach or work, by their specialty in 
economics, and by city, as well as alphabetically. 


CSWEP is the voice of women economists when coalitions of professional women join 
to advance sex equality in professional life. 





To become a dues-paying member of CSWEP 
send this with a check for $15 (tax deductible) made out to CSWEP to: 


CSWEP, Box W-M, Economics Department, 
University of Maryland, College Park, Md. 20742 


NAME 
MAILING ADDRESS 


' CITY, STATE, ZIP 
Check here if currently an AEA member LI 
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INDER OF 
BCONOHIG ARTICLES 


prepared under the auspices of 


The Journal of Economic Literature 
of the 


American Economic Association 


Each volume in the Index lists articles in major economic 
journals and in collective volumes published during a 
Specific year. 

»* Most of the Index's volumes also include articles of testimony 


from selected congressional hearings in government 
documents published during the year. 


M No other single reference source covers as many articles 
elassified in economie eategories as the Index. 


The 1977 volume contains over 10,500 entries. 


Currently available are: 
Year Covered an 
1969 PENNE 
1970 indispensible 
1971 ` tool for... 


dis ECONOMISTS 

s REFERENCE LIBRARIANS 

16d RESEARCHERS 

ion. TEACHERS 
STUDENTS 


1977 
1978 (in AUTHORS 


preparation) 
Future volumes will be published regularly 
to keep the series as current as possible. 


Price: $50.00 per volume (special 30% discount to 
AEA members) 





Distributed by 


RICHARD D. IRWIN, ING." Toros 
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The 
Economics Institute 


. Boulder, Colorado 


P PREPARATION FOR MASTERS AND DOCTORAL DEGREE 
` PROGRAMS IN ECONOMICS, BUSINESS, AND: 
. ADMINISTRATION. 


m POSTGRADUATE DIPLOMA PROGRAMS IN RELATED 
SPECIALIZATIONS. 


B AN ESTABLISHED REPUTATION FOR ACADEMIC EXCELLENCE. 


25 years of specialized service in 
international education. 


Sponsored by the American For further information write: 
Economic Association 
The Director 


Economics Institute 
Campus Box 259 
University of Colorado 
Boulder, Colorado 80309 
(303) 492-7337 

Telex: 45-0385 





Begin making.plans to attend the. 


 Ninety-Sixtb 


Annual Meeting of - 
The American. . 
Economic Association 


(in Conjunction with Allied Social Science Associations) 
to be held in | 


.SAN FRANCISCO, CA.. 


. Dec. 28-30, 1983 


The Employment Center opens Tuesday, December 27. : 


See the Notes section of the Seni AER for the American Economic Associa- 
tion’s preliminary program. f 


The 1984 meeting will be held in Dallas, TX, December 28-30. 
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International Journal of 


NEW : 


rj 


Industrial Organization 


Managing Editor: 
Kelth Cowling, University of Warwick, 
U.K. 


Editors: 


Ken-ichi Imal, Hitotsubashi University, 
Japan 

Alexis Jacquemin, C.R.1.D.E., Catholic 
University of Louvain, Belgium 

Dennis C. Mueller, international 
institute of Management, German Fed. 
Rep.; University of Maryland, U.S.A. 
Christian C. von Weizsäcker, University 
of Bern, Switzerland 


Associate Managing Editor: 
Paul Stoneman, University of Warwick, 


Associate Editors: 


Masahiko Aoki, Kyoto University, Japan 

Raymond De Bondt, Catholic University 

of Leuven, Belgium 

David Encaoua, University of Paris, 

France 

Oscar Fanjul, University of Madrid, 

Spain 

Paul Geroskl, University of 

Southampton, U.K. 

Heny G. Grabowskl, Duke University, 
S.A. 


P Sylos Labini, /nstitute of Economics, 
Italy 

Jacques Lesourne, Conservatoire 
National Des Arts Et Métiers, France 
Frank Mathewson, University of 
Toronto, Canada 

Tsuruhiko Nambu, Gakushuin 
University, Japan 

Stephen Nickell, London School of 
Economics and Political Science, U.K. 
Yoram Peles, Hebrew University of 
Jerusalem, Israel 

David K. Round, University of Adelaide, 
Australia x 

Steven C. Salop, Georgetown University 
Law Center, U.S.A. 

Richard Schmalensee, Massachusetts 
University of Technology, U.S.A. 

Masu Uekusa, University of Tokyo, 
Japan 


North-Holland 


Publishing 
Company 


This new journal is an international venture with strong roots in Europe and 
Japan, but also with important connexions with the U.S. It will aim at a full 
coverage of both theoretical and empirical questions within the field of 
industrial Organization, broadly defined. As well as covering traditional 
issues of market structure and performance, the journal will also seek to 
include articles dealing with the internal organization of firms, all facets of 
technological change, productivity analysis, and the macro-economic 
implications of alternative industrial structures. Special attention will be 
directed at international issues, including industrial structure aspects of 
trade, investment, technology and development, involving both market and 
planned economies, and industrialized and industrializing economies. 

In collaboration with the various relevant policy-making bodies the journal 
will also include regular reviews of antitrust and industrial policies in various 
Countries, and within the EEC. A further special feature will be the sponsor- 
ship by the journai of occasional symposia on specific issues of topical 
Interest. Some of these will undoubtedly arise from collaboration with the 
European Association for Research ín Industrial Economics, out of which 
many of the ideas for this journal have arisen. 


Contents of the First Issue: 


* OR iret REVISITED IN THE LIGHT OF BARGAINING-GAME 
TH Aoki 

@ CONJECTURES; RATIONALITY AND DUOPOLY THEORY, 
M. Boyer and M. Moreaux 

@ HIERARCHIES AND MARKETS: AN EMPIRICAL TEST OF THE MULTI- 
DIVISIONAL HYPOTHESIS IN WEST GERMANY, 
J. Cable and M. J. Dirrheimer 

€ VERTICAL INTEGRATION IN A MONOPOLISTICALLY COMPETITIVE 
INDUSTRY, A. Dixit 

€ SOME REFLECTIONS ON THE THEORY AND APPLICATION OF 
CONCENTRATION INDICES, P. A. Geroski 

e Bete” CURVES AND INDUSTRIAL POLICY, 
P.E 

€ THE PROPENSITY TO PATENT, 
F. M. Scherer 


Publication Information: 


The INTERNATIONAL JOURNAL OF INDUSTRIAL ORGANIZATION will start 
publication in 1983. One volume in 4 issues is scheduled for this year. 

The institutional subscription price for Volurne 1 (1983) is US $76.00/Dfl. 190.00 
including postage and handling. Private subscribers are entitled to a 
subscription at the reduced rate of US $34.00/Dfl. 85.00 including postage 
and handling. 


The Dutch guilder prices are definitive. US $ prices are subject to exchange rate 
fluctuations. . 


COUPON FOR A FREE COPY Soa 


For customers in the U.S.A. and Canada: 
Elsevier Science Publ. Co. Inc. 

Journal Information Center 

P.O, Box 1663, M Central Station 
New York, NY 10163 


CJ Please send a free specimen copy of the INTERNATIONAL JOURNAL OF 
INDUSTRIAL ORGANIZATION: 
Name 


Professional address 





Send to: 

North-Holland Publishing Company 
P.O. Box 211, 1000 AE Amsterdam 

The Netherlands 
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POLICY MAKING IN A DISORDERLY WORLD ECONOMY 
edited by G. Eliasson, M. Sharefkin, B-C Ysander 


Did the apparently successful stabilization policy of the 50s and the 60s give us a rigid 
economic structure that could note cope with the external shocks of the 70s? 

Is there a trade-off between successful stabilization and long-run growth? 

Sharply increased uncertainty is a fundamental ailment in the world economy. Instead 
of reducing uncertainty, policy makers have aestavested the problem through 
inconsistent ad hoc policy making. . 

How does an economy adjust to crisis situations and price instabilities? Simular 


questions are addressed to three different types of econometric models. Quite different 
. answers are given. 
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OECD puniications 


ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT 


Positive Adjustment Policies: 
Managing Structural Change 


Examines the policy options open to governments for adopting economies to 
shifts in demand and prices, technological progress, and changing comparative 
advantage. 


03 83 01 1 February 1983 116 p. $12.50 


Job Losses in Major industries: 
Manpower Strategy Responses 


Describes the scale and consequences of large-scale employment dislocations in 
such industries as iron and steel, shipbuilding, textiles, and autos in OECD coun- 
tries, It also analyzes conversion programs designed to reconcile capital mobility 
with labor protection, and the positive strategies applied in certain countries. 


81 83 011 March 1983 125 p. $12.00 


External Debt of Developing Countries: 1982 Survey. 
Analysis and detailed statistics for the period 1970-1982. Puts the developing 
country debt problem into perspective. 


43 83 011 January 1983 122 p. $12.00 
Problems of Agricultural Trade. 


Drawing particular attention to the links between trade and national agricultural 
policy, this study suggests ways of integrating agriculture more fully into the 
open multilateral trading system with a progressive reduction of protection. 


51 82 051 October 1982 178 p. $18.00 
Historical Statistics of Foreign Trade; 1965-1980. 


Presents total trade of OECD Member countries, volume and value indices, trade 
by SITC sections, and trade broken down by partner country for the period 





1965-1980. 
32 82 13 3 November 1982 104 p. $11.00 
World Energy Outlook. 


The OECD International Energy Agency's forecasts to the year 2000 for all forms 
of energy. “. . . probably the most sophisticated guide in print to the possibilities 
ahead."—The Washington Post. 

61 82 08 1 October 1982 474 p. $45.00 





Send orders and requests for information to: 


OECD PUBLICATIONS AND INFORMATION CENTER 


- 1750-E Pennsylvania Avenue, N.W. 
Washington, D.C. 20006 (202) 724-1857 





. ECONOMICS ` 


n 


. THE SCIENCE OF CHOICE 


LLOYD C. ATKINSON, Deputy Assistant Director, : 
«Fiscal Analysis Division, Congressional Budget Office; and 


i: Adjunct Professor of Economics, University of Maryland: " 


1. 


The principles of Macro and Micro economics are presénted- in - u 
; language that.is lucid, yet challenging, for the beginning student. 
* The accompanying package includes: Workbook/Study Guide by 
< Dennis Sullivan, Teacher's Manual, Test Bank, Computerized Test 
Bank, Transparency Masters, and. a Semiannual Nowsiellet: 


More 1982 Editions 


MACROECONOMICS: 
Analysis and Policy, 4th Edition 


MICROECONOMICS: - 


Analysis and Policy, 4th Edition 


. Lloyd G. Reynolds, Yale University ` 
paperbound/Review Guide and . 
Workbook for each volume C 


 ECONÓMIC ANALYSIS: „` 


Theory and Application; . 

. 4th Edition -— 

S. Charles Maurice and Owen R. 
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Credible Commitments: Using Hostages to Support Exchange 


By OLIVER E. WILLIAMSON* 


Credible commitments and credible threats 
share the following common attribute: both 
appear mainly in conjunction with irrevers- 
ible, specialized investments. But whereas 
credible commitments are undertaken in sup- 
port of alliances and to promote exchange, 
credible threats appear in the context of con- 
flict and rivalry.! The former involve recipro- 
cal acts designed to safeguard a relationship, 
while the latter are unilateral efforts to pre- 
empt an advantage. Efforts to support ex- 
change generally operate in the service of 
efficiency; preemptive investments, by con- 
trast, are commonly antisocial. Both are 
plainly important to politics and economics, 
but the study of credible commitments is 
arguably the more fundamental of the two. 

Interest in credible threats is much more 
widespread and the credible threat literature 


*Department of Economics, Yale University, New 
Haven, CT 06520. This paper has benefited from the 
comments of participants in the Sloan Foundation 
Workshops in Transaction Cost Economics at the 
University of Pennsylvania and the University of Min- 
nesota, and from seminar presentations at Oxford 
University, Willams College, and Yale University. 
Comments by Dennis Carlton, Frank Easterbrook, 
Benjamin Klein, Scott Masten, Michael Riordan, 
David Sappington, Richard Stewart, and Lester Telser, 
and from the referees of this journal are gratefully 
acknowledged. Research support from the National Sci- 
ence Foundation is gratefully acknowledged. 

!It should be noted that I use the terms threat and 
commitment differently than do Curtis Eaton and 
Richard Lipsey (1981). They distinguish between empty 
and credible threats and use the term commitment to 
refer to the latter. I submit that the language of rivalry is 
well serviced by reference to threats; and I suggest that 
the term commitment be reserved to describe exchange. 
Thus both credible and noncredible threats would be 
distinguished in assessing rivalry. Similarly, credible and 
noncredible commitments are distinguished in evaluat- 
ing exchange. Alliances complicate matters in that these 
are organized in relation to another party. This could be 
wholly beneficial but it need not be. Thus suppliers 
could form an alliance in relation to buyers, with possi- 
ble antisocial results. Credible commitments which 
simultaneously support exchange and promote alliances 
thus sometimes pose tradeoffs. i 
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is more fully developed,? however, than is 
the interest and economic literature dealing 
with credible commitments. This disparity is 
consistent with the treatment accorded to 
each in Thomas Schelling's classic essay 
(1956) on bargaining, where the main em- 
phasis is placed on tactics by which one 
party can realize an advantage in relation to 
a rival by credibly "tieing ones hands." But 
Schelling also, albeit briefly, addresses the 
matter of promise. He observes in this con- 
nection that “Bargaining may have to con- 
cern itself with an ‘incentive’ system as well 
as the division of gains" (p. 300) and adds in 
a footnote that the exchange of hostages 
served incentive purposes in an earlier age 
(p. 300, fn. 17). 

That the study of credible commitments 
has been relatively neglected is explained by 
the assumption, common to both law and 
economics, that the legal system enforces 
promises in a knowledgeable, sophisticated, 
and low-cost way. Albeit instructive, this 
convenient assumption is commonly con- 
tradicted by the facts—on which account 
additional or alternative modes of governance 
have arisen. Bilateral efforts to create and 
offer hostages are an interesting and; as it 
turns out, economically important illustra- 
tion. Absent a recognition and appreciation 
for the merits of “private ordering,” the 
suggestion that hostages are used to support 
contemporary exchange is apt to be dismiss- 
ed as fanciful. I submit, however, that not 
only are the economic equivalents of hostages 
widely used to effect credible commitments, 
but failure to recognize the economic pur- 


"Recent applications within economics involve in- 
vestments in specific capital undertaken for the purpose 
of impeding new entry (Avinash Dixit, 1979; 1982; 
Eaton and Lipsey, 1981; Richard Schmalensee, 1981). 
For a discussion of reputation effects and quasi credibil- 
ity in the economics literature, see David Kreps and 
Robert Wilson (1982), Paul Milgrom and John Roberts 
(1982), and myself (19825). 
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i 

| 
póses served by hostages has been responsi- 
ble for repeated policy error. 

i The private ordering approach to the study 
of contract is sketched in Section I. A simple 
model for assessing the efficiency ramifica- 
tions of alternative contracts, one of which 
involves hostages, is developed in Section II. 
The model demonstrates that the invest- 
ments made by suppliers are influenced by 
the incentives experienced by buyers. Incen- 
tive complications that reach beyond the 
model are discussed in Section III. Applica- 
tions of the argument to unilateral and to 
bilateral exchange are set out in Sections IV 
ahd V. Some evidence bearing on petroleum 
exchanges and public policy attitudes that 
relate thereto are examined in Section VI. 





I. Private Ordering 


A. Contracting Traditions 


| Most studies of exchange assume that ef- 
ficacious rules of law regarding contract dis- 
putes are in place and that these are applied 
by the courts in an informed, sophisticated, 
ahd low-cost way. These assumptions are 
convenient, in that lawyers and economists 
are relieved of the need to examine the variety 
of ways by which individual parties to ex- 
change *contract out of or away from" the 
governance structures of the state by de- 
vising private orderings. A division of effort 
thus arises whereby economists are pre- 
occupied with the economic benefits that 
accrue to specialization and exchange, while 
légal specialists focus on the technicalities of 
contract law.? 

' The “legal centralism” tradition reflects 
this orientation. It maintains that “disputes 
require ‘access’ to a forum external to the 
original social setting of the dispute...[and 
that] remedies will be provided as prescribed 


1 
1 
i 


| 3Lawyers do not have a monopoly on refining con- 
tractual rules. For recent contributions by economists, 
‘ee Peter Diamond and Eric Maskin (1979) and Steven 
havell (1980). Such an economic approach to contract 
focuses on the technicalities of legal rules. The approach 
taken here holds that even refined rules of law are costly 


fo implement, whence private ordering is widely em- 


ployed. 
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in some body of authoritative learning and 
dispensed by experts who operate under the 
auspices of the state" (Marc Galanter, 1981, 
p. 1). The facts, however, disclose otherwise. 
Most disputes, including many of those 
which, under current rules, could be brought 
to a court, are resolved by avoidance, self- 
help, and the like (Galanter, p. 2). 

The unreality of the assumptions of legal 
centralism can be defended by reference to 
the fruitfulness of the pure exchange model. 
This is not disputed . here. My concern with 
this tradition is that the law and economics 
of private ordering have been pushed into 
the background as a consequence. This is 
unfortunate, since “In many instances the 
participants can devise more satisfactory 
solutions to their disputes than can profes- 
sionals constrained to apply general rules on 
the basis of limited knowledge of the dispute" 
(Galanter, p. 4.^ `` 

Four distinct, albeit related, literatures 
within economics? have developed over the 
past decade in which private ordering is ex- 
pressly or implicitly featured: the incentive 
compatibility literature (Leonid Hurwicz, 
1972); the literature on the economics of 
internal organization (Ronald Coase, 1937; 
Kenneth Arrow, 1963, 1974; myself, 1971, 
1975, 1979; Benjamin Klein et al., 1978; 
David Teece, 1982; Eugene Fama and 
Michael Jensen, 1983); the financial econom- 
ics literature dealing with bonding (Joseph 
Stiglitz, 1974; Jensen and William Meckling, 
1976; Sanford Grossman and Oliver Hart, 
1982); and the study of self-enforcing agree-. 
ments (Lester Telser, 1981; Klein and Keith 
Leffler, 1981). The first two of these have 
been reviewed elsewhere (Hurwicz, 1973; 
myself, 1981, 1982b). The third takes issue 


4Galanter elaborates as follows: “The variability of 
preferences and of situations, compared to the small 
number of things that can be taken into account by 
formal rules..., and the loss of meaning in transforming 
the dispute into professional categories suggest limits on 
the desirability of conforming outcomes to authoritative 
rules” (1981, p. 4). 
5There is also a long legal tradition in which contract 
as legal rule is disputed. Karl Llewellyn’s views regard- 
ing “contract as framework” (1931) are especially im- 
portant. Recent significant contributions include Stewart 
Macaulay (1963) and Ian Macneil (1974). For a discus- 
sion, see my 1979 article. 
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with the Modigliani-Miller theorem that the 
firm's production plan is independent of its 
financial structure. The fourth deals with 
contracting in intermediate product markets 
and expressly relies on private ordering. 

Telser characterizes a self-enforcing agree- 
ment as one which, if *one party violates the 
terms the only recourse of the other is to 
terminate the agreement" (p. 27). Contrary 
to legal centralism, the courts and other 
third parties are assumed away. Klein and 
Leffler are explicit on this: “we assume 
throughout...that contracts are not en- 
forceable by the government or any third 
party" (p. 616). Commercial contract law in 
late nineteenth-century Taiwan evidently ap- 
proximated this condition (Rosser Brock- 
man, 1980). Stewart Macaulay’s remarks 
about the informality of contract in business 
are likewise in this spirit: “Often business- 
men do not feel they have ‘a contract’— 
rather they have ‘an order.’ They speak of 
‘cancelling the order’ rather than ‘breaching 
our contract” (1963, p. 61). . 

To be sure, pure private ordering is ex- 
treme. As Robert Mnookin and Lewis 
Kornhauser state, private ordering invariably 
operates in “the shadow of the law” (1979).’ 


- Grossman and Hart make the interesting distinction 
between a bonding and a signaling equilibrium: in the 
former, agents communicate “their endogenous inten- 
tions, while the latter involves agents communicating 
‘their exogenous characteristics” (p. 110). Put differently, 
bonding has reference to the incentives of agents at the 
contract execution stage (an ex post condition), whereas 
signaling involves inferring the directly unobservable 
ex ante attributes of agents, which are fully prespecified. 
Thus whereas Stephen Ross (1977) ‘uses the debt-equity 
ratio to signal objective (exogenous) differences in the 
quality of management, Grossman and Hart use debt to 
precommit managers to a course of action whereby closer 
ex post adherence to profit maximization is induced. 
Specifically, debt- becomes an instrument by which 
managers place themselves at hazard, in recognition of 
which the financial market places a higher value on the 
firm (Grossman and Hart, p. 130). Since managers are 
assumed to benefit from this higher market valuation 
(Grossman and Hart, p. 109), they self-consciously 
accept the hazards of bankruptcy which debt financing 
poses. 
7Galanter suggests that a better way to characterize 
the study of contract is “law in the shadow of indige- 
nous ordering” (p. 23). There is a good deal to be said 


for this. The main point is that a place for law is, 


propeily provided in any comprehensive study of con- 
tract. $ 
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It suffices for my purposes to argue that the 
incentives of private parties to devise bi- 
lateral contractual safeguards is a function of 
the efficacy of court adjudication, and that 
this varies with the attributes of transactions. 
Specifically the courts experience serious dis- 
abilities with respect to the transactions of 
the kinds herein described. 


B. Some Attributes of this Article 


This article examines self-enforcing agree- 
ments in transaction cost terms. Contracting 
agents are thus assumed to be subject to 
bounded rationality and, where circum- 
stances permit, are given to opportunism.? 

Although hostages can have both ex ante 
(screening) and ex post (bonding) effects, the’ 
ex post contract execution consequences are 
of principal interest here.? This is also the 
focus of the self-enforcing agreement litera- 
ture. Additionally, like both Telser and 
Klein-Leffler, the intertemporal contracts of 
concern here feature both uncertainty and 
transaction-specific capital. But in other re- 
spects there are important differences. 

Thus, whereas Telser deals with “a se- 
quence of transactions over time such that 
the ending date is unknown and uncertain" 
(p. 30), because any finite sequence of trans- 
actions using his model will unravel (p. 29), 
the transactions that I consider can be (in- 
deed, normally are) finite. Furthermore, the 
role of transaction specific capital is more 
explicit and fully developed in tbis article 
than in Telser's. ; 

The self-enforcing contracts studied by 
Klein and Leffler are likewise of indefinite 
rather than finite duration. The hostage 
model is further distinguishable from Klein- 
Leffler in that 1) they deal with quality un- 


® Whereas previously I have emphasized firm versus 


. market governance, here I focus strictly on market- 


mediated exchange. The governance issue of interest 
thus involves choice among alternative contracts. 

°Ex ante screening attributes are briefly examined in 
an earlier version of this paper (1982a, pp. 6-9). The 
assessment of a screening equilibrium is complex, how- 
ever, and is not central to the main argument. See 
Michael Rothschild and Stiglitz (1976) and John Riley 
(1979a, b) for a discussion of screening equilibrium 
issues. 
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certainty in final goods markets, whereas I 
assume that quality is known and focus on 
stochastic demand in intermediate product 
markets;!° 2) their “fundamental theoretical 
result” involves the assurance of quality 
through the sacrifice of “minimum-cost pro- 
duction techniques” (pp. 618, 628-29), while 
the hostage model involves no such sacrifice 
(indeed, the use of hostages to support ex- 
change encourages investment in specific as- 
set technologies which have lower expected 
costs); and 3) suppliers in their model are 
confronted neither with expropriation nor 
adaptation hazards, while these are both of 
concern to me. More generally, the hostage 
model and imagery have application to a 
quite different set of contractual circum- 
stances than the analysis of quality assurance 
contemplates. 


II. The Hostage Model 


The simple hostage model serves to il- 
luminate both unilateral and bilateral ex- 
Change, permits the concept of specific capital 
to be extended beyond earlier uses, and 
clarifies how costs should be described in 
assessing exchange. While it is primitive and 
suggestive, rather than refined and definitive, 
it serves as a paradigmatic wedge by which 
the importance of private ordering is ex- 


V My discussion of franchising in Section IV.C paral- 
leis Klein-Leffler and assumes that quality uncertainty is 
responsible for a demand externality. The hostage model 
developed in Section II does not apply directly to this 
case, but the spirit carries over in three respects: 1) 
franchisees, like buyers, are given a choice among alter- 
native contracts; 2) the decision to expose specific assets 
is deliberately taken because this has superior incentive 
effects; and 3) the sunk cost technology is more efficient, 
which vitiates the inefficiency tradeoff that is central to 
the Klein-Leffler paper. 


"Contrary to the argument advanced by Klein and ' 


Leffler, total costs need not increase in a quality as- 
surance model because investments are shifted from a 
reversible (fixed cost) to an irreversible (sunk cost) 
technology. Thus instead of a general purpose building 
of nondescript design, the producer could construct a 
building with a distinctive "signature," The durable 
investments could be the same, but the alternative value 
that can be realized from the second building might be 
much lower. The long-term commitments that are sig- 
naled by this second design relieve customers of quality 
shading hazards, which is the central issue with which 
Klein and Leffler are concerned. 
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posed and is easily made the vehicle for 
further analysis. 


A. Technologies and Costs 


The assessment of alternative contracts will 
be facilitated by assuming that the product 
in question can be produced by either of two 
technologies. One is a general purpose tech- 
nology; the second is a special purpose tech- 
nology. The special purpose technology re- 
quires greater investment in transaction 
specific durable assets and, as described be- 
low, is more efficient for servicing steady- 
state demands. 

Costs that are highly specific to a transac- 
tion have two attributes: they are incurred in 
advance of the contemplated exchange; and 
their value in alternative uses, or by alterna- 
tive users, is greatly reduced. As Klein and 
Leffler put it, the irreversible, nonsalvage- 
able part of an advance commitment is sunk 
(p. 619). It is common to think of this as 
applying to physical plant or accounting costs 
that are reported as fixed, but this is not the 
critical distinction. Thus investments in labor 
(transaction specific human capital) can be 
highly specific. And many costs that for 
accounting purposes are reported to be fixed 
are in fact nonspecific, hence can be re- 
covered (salvaged) by redeployment. Dura- 
ble but mobile assets such as general purpose 
trucks or airplanes are illustrations. 

The two technologies in question will thus 
be described in value realization terms. The 
value that can be realized by redeploying 
variable and fixed costs will be given by v. 
The nonsalvageable value of advance com- 
mitments wil be denoted by k. The two 
technologies can thus be described as 7j: the 
general purpose technology, all advance 
commitments of which are salvageable, the 
redeployable unit operating costs of which 
are v,; and T}: the special purpose technol- 


7 Klein et al. use the term “appropriable quasi rent” 
to describe this condition. Use vs. user distinctions are 
relevant in this connection: “The quasi-rent value of the 
asset is the excess of its value over its salvage value, that 
is, its value in its next best use to another renter. The 


potentially appropriable specialized portion of the 


quasi-rent is the portion, if any, in excess of its value to 
the second highest-valuing user” (p. 298). 
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ogy, the nonsalvageable value of advance — 


commitments of which are k and the rede- 
ployable unit operating costs of which are v. 


B. Contracting 


There are two periods. Orders are placed : 


in the first, and production if any occurs in 
the second. Buyers can either take delivery or 
refuse it. Demand is stochastic. The gross 
value to buyers is assumed to be uniformly 
distributed over the interval [0, 1], and the 
quantity demanded at every price will be 
assumed to be constant, which it will be 
convenient to set equal to unity. Sunk costs, 
if any, are incurred in the first period. In- 
asmuch as sunk costs are incurred for certain 
while the decision to incur redeployable costs 
is contingent on the buyer's decision to con- 
firm or cancel an order, a choice between 
technologies is interesting only if k + v, < v4. 
The demand and cost relations are set out in 
Figure 1. 


1. Net Benefits 

The criterion by which decisions to take or 
refuse delivery will be evaluated is that of 
joint profit maximization. Feasibility and/or 
bureaucratic disabilities aside, vertical in- 
tegration assuredly accomplishes the joint 
profit-maximization result. Thus the refer- 
ence condition for evaluating contracts will 
be an integrated firm with two divisions, a 
producing division and a marketing division. 
The producing division has access to the 
same two technologies described above, one 
of which involves specific assets, the other of 
which does not. Whichever technology is 
employed, product is transferred between 
divisions at marginal cost. 

That k +v, « v, does not establish that 
the special purpose technology (75) is the 
more efficient. Whether it is or not depends 
on a net benefit calculation. The expected 
net benefits of using the general purpose 
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technology (Tj) are given by the product of 
the probability that the integrated firm will 
decide to produce and the average net ben- 
efits that are realized when product is sup- 
plied. The integrated firm will decide to pro- 
duce only if the realized demand price 
exceeds marginal costs, whence the probabil- 
ity of production under T, is 1— o,. The 
mean net benefits during production periods 
are (1— v,)/2, whence the expected net ben- 
efits for technology T, are 


(1) 5;--o)1-9)/22 (1-72. 


The expected net benefits for the specific 
asset technology (75) are found similarly. 
Again, the integrated firm will produce 
whenever realized demand price exceeds 
marginal costs. Expected net receipts, how- 
ever, must be reduced by the amount of the 
earlier investment in specific assets, k, in 
computing expected net benefits. Thus we 
have 


(2) b, = (1 $)(1—- $)/2- k 
- (1-9 /2- k, 


where the first term is the expected excess of 
revenue over out-of-pocket costs. 

The specific asset technology will be se- 
lected only if b, > b,, which requires that 


(3) k«(1-»)72-(1- «72. 


2. Autonomous Contracting 

Assume that the inequality in (3) holds 
and consider the case of autonomous con- 
tracting between a buyer, who services final 
demand, and a producer, who manufactures 
the product. Assume that demand and pro- 
duction technologies are as described above. 
Efficient contracting relations are those that 
replicate the vertical integration result, 


13 Here and throughout the remainder of this article I 
assume that exchange is governed by contract rather 
than by vertical integration. Vertical integration is thus 
used merely as a reference condition. That manufac- 
turers do not integrate forward or distributors inte- 
grate backward can be explained on a number of 
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namely, 1) select the specific asset technol- 
ogy, and 2) produce and sell product 
whenever realized demand price exceeds v. 
Assume that both parties are risk neutral and 
that the production side of the industry is 
competitively organized. Whatever contract- 
ing relation is described, producers will be 
willing to supply if a break-even condition 
(expressed in expected value terms) can be 
projected.'4 

Recall that orders are placed in the first 
period. Specific assets, if any, are committed 
in the first period in anticipation of second- 
period supply. Whether second-period pro- 
duction actually occurs, however, is contin- 
gent on demand realizations. Buyers have the 
option of confirming or cancelling orders in 
the second period. Consider three contract- 
ing alternatives: 

I. The buyer purchases specific assets 
and assigns them to whichever seller submits 
the lowest bid, p; 

II. The producer makes the specific asset 
investment himself and receives a payment 
of p in the second period if the buyer con- 
firms the order but nothing otherwise; and 

III. The producer makes the specific as- 
set investment himself and receives D from 
the buyer if the buyer confirms the order, is 
paid ah,0 « a «1, if the order is cancelled 
while the buyer pays f upon taking delivery 
and experiences a reduction in wealth of h if 
second-period delivery is cancelled. 

The third’ scenario can be thought of as 
one where the buyer posts a hostage that he 
values in amount A, which hostage is de- 
livered to the producer, who values it in 
amount ah if the order is cancelled. 

The producer will break even under con- 
tracting relation I if he is compensated in 


grounds—one of which is that there are economies of 
scope at both stages, but that very different product 
mixes are needed to realize these scope economies at 
each stage. 

'4There is no problem in principle in allowing sup- 
pliers to extract positive profits as a condition of supply. 
The salient features of the hostage model are all pre- 
served if, instead of an expected break-even condition, 
the supplier was assumed to realize expected profits of 
7 > 0 on each contract. Although final demands will be 
choked off as a consequence, the main features of the 
contractual argument survive. 


SEPTEMBER 1983 | 


amount v,, which is his out of pocket cost, 
for each unit demanded. The low bidder will 
thus offer to supply product for p = v». Since 
the buyer's net benefits are maximized if he 
invests in the specific assets, and since prod- 
uct is transferred on marginal cost terms, this 
contract replicates the vertical integration re- 
lation. Contracts of type I are feasible, how- 
ever, only if the specialized assets are mobile 
and the specificity is attributable to physi- 
cal features (for example, specialized dies). 
Market procurement can then service the 
needs of the parties without posing hold-up 
problems by concentrating the ownership of 
the specific assets on the buyer (who then 
assigns them to the low bidder). Inasmuch as 
the buyer can reclaim the dies and, without 
cost, solicit new bids should contractual dif- 
ficulties develop, type I contracts yield an 
efficient result.! 

Attention hereafter will be focused on con- 
tracts II and III, the assumption being that 
asset specificity is of the human or dedicated 
asset kinds (see Part C, below). The autono- 
mous buyer will confirm an order under 
contract II whenever realized demand price 
exceeds p but not otherwise. The producer 
will thus break even if (1— pp [1 — peo, 
+ k]= 0, whence 


(4) p-vtk/(-p). 


Product will thus be exchanged at a price 
that exceeds marginal cost under this con- 
tracting scenario. Plainly if p» v, the 


'SThis ignores the possibility that suppliers will abuse 
the dies if ownership resides with the buyer. 

16 Conceivably P will exceed v,, in which event the 
buyer who is contemplating contract II will prefer in- 
stead to purchase from sellers who use the general 
purpose technology. The comparison in the text im- 
plicitly assumes that p < vı. Also note that a standby 
technology that can be costlessly switched into and out 
of the product in question could effectively truncate 
demand at v,. This would be true if potential middle- 
men could place orders to take product at v, from 
general purpose manufacturers, which orders could be 
costlessly cancelled (and general purpose assets rede- 
ployed) if demands fell below this value. I will arbi- 
trarily assume that this is not feasible. The problem 
could, however, be reformulated by describing demand’ ` 
as uniformly distributed over the interval 0 to v,, with 
v; having measure 1— v}. 
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buyer is better off to scuttle contract II and 
purchase instead from producers who utilize 
the (inferior) variable cost technology T, (and 
will break even by supplying product on 
demand for a price of v). 

The buyer will confirm an order under 
contract III whenever the realized demand 
price exceeds D — h. Let f — h be denoted 
by m. The seller will then break even 
when (1— m) + mah —[(1— m)v; + k]- 0, 
whence 


(5) p= -(k-mah)/(1— m). 


The case where h = k and a —1 is one where 
the buyer gives up wealth in amount of the 
investment in specific assets in cancellation 
states and this is delivered to the producer 
who values it in amount k. Under these 
circumstances, (5) becomes 


(5’) pro,tk. 


Since the buyer places an order whenever 
demand exceeds m= p — h, this yields the 
result that m = v,, whence orders will be 
placed whenever demand exceeds v,, which 
is the efficient (marginal cost) supply crite- 
rion. 

The buyer's net benefits under contracting 
scheme III are ; 


(6) b= (1-m)|(m+ +5) - | - m. 


where (1— m) is the probability of placing 
an order, m - (1 — m)/2 is the expected de- 
mand price for all orders that are placed, p is 
the payment in demand confirmation states 
to the producer, and h is the wealth sacrifice 
in cancellation states (which occur with 
probability m). Under the assumptions that 
h= k and «=1, this reduces to 


(6?) b, = (17 9,)/2— k, 


which is identical to the net benefit calcula- 
tion for technology T; under the vertical 
integration reference condition (see equation 
(2)). 

Accordingly, contracting scheme III ac- 
companied by the stipulations that h = k and 
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a=} replicates the efficient investment and 
supply conditions of vertical integration. 
Problems arise, however, if h<k or a<l. 
The disadvantage, moreover, accrues entirely 


‘to the buyer—since the seller, by assump- 


tion, breaks even whatever contracting re- 
lation obtains. Thus although after the con- 
tract has been made, the buyer would prefer 
to offer a lesser-valued hostage and cares not 
whether the hostage is valued by the pro- 
ducer, at the time of the contract he will wish 
to assure the producer that a hostage of k for 
which the producer realizes full value (a = 1) 
will be transferred in nonexchange states. 
Failure to make this commitment will result 
in an increase in the contract price. Thus, 
whereas producers who are concerned only 
with ex ante screening can tolerate values of 
a less than one—see the discussion of ugly 
princesses in Section IILA, below—this is 
not the case at all when ex post opportunism 
is the concern. If the producer is not indiffer- 
ent, as between two princesses, each of whom 
is valued identically by the buyer, the pro- 
ducers preferences now need to be taken 
into account." 

To summarize, therefore, it can be ob- 
served that contract I mimics vertical in- 
tegration, but only under special asset 
specificity conditions; contract II is inferior; 
and contract III yields the vertical integra- 
tion result if h — k and a —1. Furthermore, 
note that an important feature of contract 
III is that the buyer takes delivery in all 
demand states for which realized demand 
exceeds m — p — h. Since the supplier is al- 
ways paid f upon execution, the buyer some- 
times takes delivery when his realized re- 
ceipts (upon resale of the product) are less 
than f. This does not, however, signal inef- 
ficiency, since orders are never confirmed 
when realized demand price falls below 
marginal cost (v,). Indeed, it is precisely 
because of the hostage feature that efficiency 
is realized and contract III is superior to 
contract II. 


Placing an upper bound of unity on a precludes the 
possibility that the supplier values the hostages more 
than does the buyer. Potential gains from trade would 
exist for all hostages for which «a exceeds unity. A case 
for negatively valued hostages could be made in the 
context of ugly princesses (see Section III, Part A). 
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C. Dedicated Ássets 


Three types of asset specificity have been 
recognized in earlier discussions: site 
specificity—as where successive stations are 
located in a cheek-by-jowl relation to each 
other so as to economize on inventory and 
transportation expenses;'® physical asset 
specificity—such as specialized dies that are 
required to produce a component; and hu- 
man asset specificity that arises in a learning- 
by-doing fashion. A fourth type, previously 
unremarked but nevertheless important for 
some transactions, needs to be added: dedi- 
cated assets. Such assets represent a discrete 
investment in plant. Although these assets 
add to the firm’s generalized (as contrasted 
with special purpose) production capability, 
the investment would not be undertaken but 
for the prospect of selling a significant 
amount of product to a specific customer. As 
with other types of asset specificity, dedi- 
cated assets lose value if employed in alter- 
native uses (or by or to service alternative 
users). Dedicated assets thus are those that 
are put in place contingent upon particular 
supply agreements and, should such con- 
tracts be prematurely terminated, would re- 
sult in significant excess capacity. 


II. Engaging the Supplier 


Suppliers are passive instruments in this 
model. They are indifferent among contracts, 


since their expected profits are the same ` 


(zero) whichever choice the buyer makes. 
What drives the argument is that buyers can 
secure better terms only by relieving pro- 
ducers of demand cancellation penalties. 
Buyers cannot have their cake (product sup- 
plied by the efficient technology at a price of 
P) and eat it too (cancel without cost). 
Inasmuch as optimality is realized if h = k 
and a — 1, the ideal hostage would appear to 
be an offer of generalized purchasing power: 
money. A security bond in amount h=k 


'8Common ownership is the preponderant response 
to site specificity. Close proximity is desired because of 
inventory or related processing cost (for example, ther- 
mal economy) savings. Once sited, the assets in question 
are highly immobile—which is to say that the setup 
and/or relocation costs are great. 
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would serve this purpose. That the argument 
does not terminate here is because such an 
arrangement does not assuredly engage the 
interests and cooperation of the supplier. 
Three reasons can be adduced for this condi- 
tion: contrived cancellation, uncertain valua- 
tion, and incomplete contracting. All are a 
consequence of joining bounded rationality 
with opportunism. 


A. Supplier Opportunism 


1. Contrived Cancellation 

The issue of contrived cancellation has 
been addressed by Kenneth Clarkson, Roger 
Miller, and Timothy Muris in their discus- 
sion of refusal of the courts to enforce stipu- 
lated damage clauses where breach has been 
deliberately induced (1978, pp. 366-72). In- 
duced breach could arise where a party in- 
tentionally withholds relevant information, 
yet complies with the letter of the contract. 
Or it might involve perfunctory fulfillment of 
obligations where more resourceful coopera- 
tion is needed (Clarkson et al., pp. 371-72). 
In either case, induced breach is costly to 
detect and/or prove (Clarkson et al., p. 371). 

This explanation for selective enforcement 
of liquidated damage clauses has troubled 
other legal scholars (Richard Posner, 1979, p. 
290), but a more satisfactory explanation has 
yet to be advanced. At the very least, the 
Clarkson et al. treatment reflects a sensitivity 
to the subtleties of opportunism—on which 
account private ordering is more complicated 
than the bare bones hostage model would 
suggest. Among other things, the expropri- 
ation hazard to which they refer may explain 
the use of ugly princesses. 

-Thus suppose that demand uncertainties 
are negligible, whence order cancellation 
hazards can be disregarded. Suppose further, 
however, that buyers differ in credit risk 
respects, and that producers would, if they 
could, refuse sales to poor risks. Assuming 
that the difference between good and poor 
risks is sufficiently great that a separating 
equilibrium is feasible? producers could de- 
mand hostages (or, put differently, good risks 
could offer hostages) as a way by which to 


P See fn. 9. 
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MÀ —Ó— ná€ 


VOL. 73 NO. 4 


screen. Given, moreover, that the only use to 
which hostages are put is as a screen, a value 
of:a-0 would accomplish this purpose 
without exposing the buyer to an expropri- 
ation hazard (based, say, on a legal techni- 
cality). Specifically, a king who is known to 
cherish two daughters equally and is asked, 
for screening purposes, to post a hostage is 
better advised to offer the ugly one. 


2. Uncertain Valuation | 

The model assumes that the value of the 
specific investment (k) is well specified. This 
need not be the case. Indeed, it may be 
difficult for buyers to ascertain whether the 
investments made in response to first-period 
orders are of the amount or of the kind that 
producers claim. This is not a serious prob- 
lem if the production side of the market is 
competitively organized and fly-by-night 
concerns can be disregarded. Where, how- 
ever, this cannot be presumed, the possibility 
that buyers will be expropriated arises. Pro- 
ducers may feign delivery competence (claim 
to have invested in specific assets in amount 
k but only committed k’<k) and expro- 


priate bonds for which A= k by contriving 


breach or invoking a technicality. 

This hazard is especially great if the pro- 
ducer, who retains possession of the assets 
for which specificity is claimed, can preserve 
asset values by integrating forward into the 
buyer's market upon taking possession of the 
hostage. Even though the producer is poorly 
suited to perform successor stage functions, 
the possession of specialized stage I assets 
effectively reduces the costs that would 
otherwise attend de novo stage II entry. 

To be sure, the buyer who offers a hostage 
and recognizes a risk of contrived expropri- 
ation will adjust the original terms to reflect 
this. Specifically, contracts supported by 
hostages for which expropriation risks are 
believed to be great will command less than 
those where these same hazards are believed 
to be lower. But this is to concede that, 
absent additional safeguards, neither the 
transfer of product on marginal cost terms 
nor the efficient level and kind of investment 
wil assuredly attend contracts of type III. 
Deeper governance issues than those contem- 
plated by the simple model are evidently 
posed. 
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3. Incomplete Contracts / Haggling 

For the reasons and in the ways described 
elsewhere (see my 1975 study, pp. 20-36; 
91-94), complex contracts are invariably in- 
complete and many are maladaptive. The 
reasons are two: many contingencies are un- 
foreseen (and even unforeseeable); and the 
adaptations to those contingencies that have 
been recognized and for which adjustments 
have been agreed to are often mistaken— 
possibly because the parties acquire deeper 
knowledge of production and demand dur- 
ing contract execution than they possessed at 
the outset (Richard Nelson and Sidney 
Winter, 1982, pp. 96—136). Instrumental gap 
filling, thus, is an important part of contract 
execution. Whether this is done easily and 
effectively, or if instead reaching successive 
agreements on adaptations and their imple- 
mentation is costly, makes a huge difference 
in evaluating the efficacy of contracts. 

Thus even if contrived breach hazards 
could be disregarded, producers who are en- 
tirely open and candid about contract execu- 
tion may nevertheless be in a position to 
haggle—thereby to expropriate sellers— be- 
cause contracts are incomplete or maladap- 
tive. Specialized governance structures that 
have the purpose and effect of promoting 
harmonious adaptations and preserving the 
continuity of exchange relations arise in re- 
sponse to this condition. Knowledgeable 
third parties and reciprocal exposure of spe- 
cialized assets are two possibilities. 


B. Protective Governance Structures 


1. Arbitration 

Institutions that have tbe capacity to 
evaluate disputes in a more knowledgeable 
way than the courts may arise in this way. 
The parties, for example, may agree to sub- 
mit disputes over contract execution to arbi- 
trators who have specialized knowledge of 
the industry. Lon Fuller's remarks concern- 
ing procedural differences between arbitra- 
tion and litigation are instructive: 


...there are open to the arbitrator... 
quick methods of education not open 
to the courts. An arbitrator will fre- 
quently interrupt the examination of 
witnesses with a request that the parties 
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educate him to the point where he can 
understand the testimony being re- 
ceived. The education can proceed in- 
formally, with frequent interruptions by 

. the arbitrator, and by informed per- 

` sons on either side, when a point needs 
clarification. Sometimes there will be 
arguments across the table, occasion- 
ally even within each of the separate 
camps. The end result will usually be a 
clarification that will enable everyone 

: to proceed more intelligently with the ., 
case. [1963, pp. 11-12]. 


Many agreements which, were it not for arbi- 
tration, would be regarded as excessively 
hazardous can, in this way, be reached and 
implemented. 26 


2. Reciprocal Exposure 

An alternative way by which to protect 
contracts against expropriation is to expand 
the contractual relation. One way of accom- 
plishing this is for buyer and seller to devise 
a mutual reliance relation. Thus suppose that 
the buyer does not post a hostage as such, 
but himself invests in specific capital that 
` has value only in conjunction with servicing 
final demands for the product in question. 
Assume that these are valued in amount k”. 
The buyer then has the incentive to take 
delivery as long as realized demand exceeds 
B — k”. If k" — k, this yields the marginal 
cost supply result,” and the producer will be 


Labor unions can help to assure integrity in con- 
tractual relations where workers are asked to accept 
assignments that involve considerable: investments in 
human capital. Not only can the union intercede on 
behalf of the worker(s) where an expropriation effort is 
suspected, but it provides an institutional memory 
whereby reputation effects can be communicated to 
successor generations of workers. For both of these 
reasons, the firm is deterred from attempting expropria- 
tion. Setting aside the possibility that unions will at- 
tempt to negotiate monopoly wages, perceptive firms 
will prefer and actively assist in the creation of unions if 
these serve to attenuate expropriation risks—since 
otherwise workers may refuse to make (or will need to 
be bribed to make) mutually beneficial investments in 
human capital. 

? The buyer must, of course recover his full costs if 
he is to place specialized marketing assets at hazard. 
This will obtain if final demand is uniformly distributed 
over the interval k^ to 1-- k” and derived demand is as 
described earlier. 
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satisfied with the buyer's incentives. Or sup- 
pose that producer and buyer engage in re- 
ciprocal trade. Specifically, suppose that the 
producer contracts to procure product from 
the buyer, the supply of which requires the 
buyer to invest in specific assets in amount 
k”. Each party to this reciprocal trade will 
experience appropriate incentives if 1) k” 
— k, 2) demand variation in the two markets 
is perfectly correlated, and 3) each party has 
the option to cancel an order if a .cancella- 
tion notice is received from his opposite.” 
As discussed in Section V, bilateral trades 
(reciprocity; swaps) can sometimes be made 
to approximate ee conditions. 


IV. Unilateral Trading 


The argument that buyers can affect the 
terms and manner of supply by offering (or 
refusing to offer) hostages has ramifications 
for Robinson-Patman price discrimination 
and: to an understanding of franchising and 
two-part pricing. 


A. Robinson-Patman 


The Robinson-Patman Act has been inter- 
preted as an effort “to deprive a large buyer 
of [discounts] except to the extent that a 
lower price could be justified by reason of a 
seller’s diminished costs due to quantity 
manufacture, delivery, or sale, or by reason 
of the seller’s good faith effort to meet a 
competitor’s equally low price.”*? Plainly, 
that f is less than p in the hostage model has 
neither quantity nor meeting competition 
origins. Neither is it contrary. to the public 
interest. Indeed, it would be inefficient and 
unwarranted for a producer to charge the 
same price to two.customers who order an 
identical amount of product, but only one of 
which offers a hostage, if 1) investments in 
specialized assets are required to support the 
transactions in question, or 2) if, because of 
a refusal to make a credible commitment, 
transactions of the second kind are produced 


22 This last condition protects each against a prisoner's 
dilemma result. 

P FTC v. Morton Salt Co., 334 U.S. 37 (1948); em- 
phasis added. 


MM d 
—€— t 


VOL.73 NO. 4 


with a general purpose (but high cost) tech- 
nology. 

The missing ingredients, plainly, are the 
differential commitment to buy (as reflected 
by the willingness to offer hostages) and the 
differential incentives to breach once hos- 
tages have been posted. The confusion is 
explained by the propensity to employ con- 
ventional (steady state) microtheory to the 
neglect of transaction cost aspects. Rectify- 
ing this involves examination of the micro- 
analytics of transactions, with special refer- 
ence to asset specificity and the hazards 
thereby posed, and: evaluating alternative 
contracts with respect to a common reference 
condition —prospective break even being a 
useful standard. Once this is done, a differ- 
ent understanding of many nonstandard or 
unfamiliar contracting practices, many of 
which are held to be presumptively unlawful, 
frequently emerges.” 


B. Franchising ' 


Klein and Leffler argue that franchisees 
may be required to make investments in 
transaction specific capital as a way by which 
to safeguard the franchise system against 
quality shading. As Klein puts it, franchisers 
can better | 


...assure quality by requiring franchi- 
see investments in specific.. .assets that 
upon termination imply a capital loss 
penalty larger than can be obtained by 
the franchisee if he cheats. For exam- 
ple, the franchiser may require fran- 
chisees to rent from them short term 
(rather than own) the land upon which 
their outlet is located. This lease 
.arrangement creates a situation where 
termination can require the franchisee 
to move and thereby impose a capital 
' loss on him up to the amount of his 
initial non-salvageable investment. 
Hence a form of collateral to deter 

franchisee cheating is created. 
[1980, p. 359] 


Note that the argument applies only to p vs. p 
comparisons in trades where specific assets are involved. 
The efficiency properties of customer price differentials 
that do have these origins are not reached by the argu- 
ment in this paper. 
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The arrangement is tantamount to the crea- 
tion of hostages to restore integrity to an 
exchange. 

This logic notwithstanding, the use of 
hostages to deter franchisees from exploiting 
demand externalities is often regarded as an 
imposed (top down) solution. Franchisees 
are “powerless”; they accept hostage terms 
because no others are available. Such power 
arguments are often based on ex post reason- 
ing. That the use of hostages to support 
exchange can be and often is an efficient 
systems solution, hence is independent of 
who originates the proposal, can be seen 
from the following révised sequence.” - 

Suppose that an entrepreneur develops a 
distinctive, patentable idea that he sells out- 
right to a variety of independent suppliers, 
each of which is geographically dispersed 
and is assigned an exclusive territory. Each 
supplier expects to sell only to the popula- 
tion located within its territory, but all find 
to their surprise (and initially to their de- 
light) that sales are also made to a mobile 
population. Purchases by the mobile popula- 
tion are based not on the reputation of indi- 
vidual franchisees but on customers’ percep- 
tions of the reputation of the system. A 
demand externality arises in this way. 

Thus, if sales were made only to the local 
population, each supplier would fully ap- 
propriate the benefits of its promotional and 
quality enhancement efforts. Population mo- 
bility upsets this; since the costs savings that 
result from local quality. debasement accrue 
to the local operator while the adverse de- 
mand effects are diffused throughout the sys- 
tem, suppliers now have an incentive to free 
ride off of the reputation of the system. 
Having sold the exclusive territory rights 
outright, the entrepreneur who originated the 
program is indifferent to these unanticipated 
demand developments. It thus remains for 
the collection of independent franchisees to 
devise a correction themselves—lest the value 
of the system deteriorate to their individual 
and collective disadvantage. 


25That this is a useful way to pose the franchise issue 
evolved out of discussions that I had with Jeffrey Gold- 
berg. For a more complete development, see Goldberg’s 
dissertation, 1982. 
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The franchisees, under this revised sce- 
nario, thus create an agent to police quality 
or otherwise devise penalties that deter qual- 
ity deterioration. One possibility is to return 
to the entrepreneur and hire him to provide 
these services. Serving now as the agent of 
the franchisees, the entrepreneur may under- 
take a program of quality checks (certain 
purchasing restraints are introduced, whereby 
franchisees are required to buy only from 
qualified suppliers; periodic inspections are 
performed). The incentive to exploit demand 
externalities may further be discouraged by 
requiring each franchisee to post a hostage 
and by making franchises terminable.”6 

This indirect scenario serves to demon- 
strate that it is the system that benefits from 
the control of externalities. But this merely 
confirms that the normal scenario in which 
the franchiser controls the contractual terms 
is not an arbitrary exercise of power. Indeed, 
if franchisees recognize that the demand 
externality exists from the outset, if the 
franchiser refuses to make provision for the 
externality in the original contract, and if it 
is very costly to reform the franchise system 
once initial contracts are set, franchisees will 
bid less for the right to a territory than they 
otherwise would. It should not therefore be 
concluded that perceptive franchisers, who 
recognize the demand externality in advance 
and make provision for it, are imposing 
objectionable ex ante terms on unwilling 
franchisees. They are merely taking steps to 
realize the full value of the franchise. Here as 
elsewhere, contracts need to be examined in 
their entirety. 


C. Two-Part Pricing 


Victor Goldberg and John Erickson (1982) 
describe an interesting two-part pricing 
scheme that they observed in the sale of 
coke. The producer both sold coke to the 


Termination is a credible threat only if the 
franchisee who cheats on the system bears a capital loss. 
This is the basic Klein and Leffler message. It would not 
do, therefore, if the terminated franchisee were per- 
mitted to sell the franchise to a highest bidder unless the 
investment in specific capital took the form of the 
franchisee's specialized knowledge of the system, and 
the terminated franchisee were thereafter prohibited 
from participating in owner, adviser, or employee status. 
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calciner, and owned and leased the land upon 
which the plant of the calciner was built. 
Inasmuch as the coke was sold for “about 
one-quarter the current market price of 
equivalent quality coke" (p. 25), Goldberg 
and Erickson conjecture that “the rental rate 
was above the fair market rate and that the 
contract was designed to ensure that [the 
calciner] would continue to perform" (p. 25). 
Assuming that marginal costs are much less 
than average, such an arrangement can be 
interpreted as one by which the parties are 
attempting to strike efficient pricing terms 
that approximate those of the hostage model. 

The pricing of utility services, whereby ex 
ante installation fees are paid by subscribers, 
also have interesting two-part pricing attri- 
butes.?" The risk that sellers will expropriate 
buyers upon receipt of advance payment can 
be mitigated by creating a specialized third 
party, which for convenience may be referred 
to as a regulatory commission (Goldberg, 
1976). Utilization of utility services can then 
be priced so as to more nearly approximate 
marginal cost. 

More generally, Goldberg and Erickson 
conjecture that nonlinear pricing schemes are 
much more widespread than is commonly 
believed. They further point out that such 
arrangements are often very subtle and will 
require detailed knowledge of contracts to 
investigate (pp. 56—57). 


V. Bilateral Applications 


As indicated, the offer of hostages poses a 
hazard of expropriation. One way to deter 
this is to expand the contracting relationship 
from one of unilateral to bilateral exchange. 
Credible commitments are signaled without 
exposing assets to expropriation hazards. Re- 
ciprocal trades, especially those that involve 
product exchanges (swaps), sometimes come 
about in this way. 


A. Reciprocity, General 
Reciprocity transforms a unilateral supply 
relation— whereby A sells X to B—into a 


bilateral one, whereby A agrees to buy Y 


"This possibility was suggested to me by Alvin 
Klevorick. 
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from B as a condition for making the sale of 
X and both parties understand that the 
transaction will be continued only if re- 
ciprocity is observed. Although reciprocal 
selling is widely held to be anticompetitive 
(George Stocking and Willard Mueller, 1957; 
Harlan Blake, 1973), others regard it more 
favorably. George Stigler offers the following 
affirmative rationale for reciprocity: 


The case for reciprocity arises when 
prices cannot be freely varied to meet 
supply and demand conditions. Sup- 
pose that a firm is dealing with a col- 
luding industry which is fixing prices. 
A firm in this collusive industry would 
be willing to sell at less than the cartel 
price if it can escape detection. Its price 
can be reduced in effect by buying 
from the customer-seller at an inflated 
price. Here reciprocity restores flexibil- 
ity of prices. [1969, p. 39] 


Inasmuch as, however, many industries do 
not satisfy the prerequisites for oligopolistic 
price collusion (Posner; myself, 1975, ch. 12) 
and as reciprocity is sometimes observed 
among these, reciprocity presumably has 
other origins as well. Tie breaking is one of 
these. A second is that reciprocity can have 
advantageous governance structure benefits. 
These two can be distinguished by the type 
of product being sold. 

The tie-breaker explanation applies where 
firm B, which is buying specialized product 
from A, asks that A buy standardized prod- 
uct from B on the condition that B meets 
market terms. Other things being equal, pro- 
curement agents at A are apt to accede. 
F. M. Scherer notes that “Most of the 163 
corporation executives responding to a 1963 
survey stated that their firms’ purchases were 
awarded on the basis of reciprocity only 
when the price, quality, and delivery condi- 
tions were equal" (1980, p. 344). 

The more interesting case is where rec- 
iprocity involves the sale of specialized prod- 
uct to B conditioned on the procurement of 
specialized product from B. The argument 
here is that reciprocity can serve to equalize 
the exposure of the parties, thereby reducing 
the incentive of the buyer to defect from the 
exchange—leaving the supplier to redeploy 
specialized assets at greatly reduced alterna- 
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tive value. Absent a hostage (or other as- 
surance that the buyer will not defect), the 
sale by A of specialized product to B may 
never materialize. The buyer’s commitment 
to the exchange is more assuredly signaled 
by his willingness to accept reciprocal ex- 
posure of specialized assets. Defection haz- 
ards are thereby mitigated. 

Lest the argument be uncritically consid- 
ered to be a defense for reciprocal trading 
quite generally, note that it applies only 
where specialized assets are placed at hazard 
by both parties. Where only one or neither 
invests in specialized assets, the practice of 
reciprocity plainly has other origins.” 


B. Exchanges 


Although reciprocal trading among non- 
rivals may occasionally be justified, the ex- 
change of product among nominal rivals is 
surely more puzzling and troublesome. Firms 
that are presumed to be in head-to-head 


' competition ought to be selling product 


against one another rather than to one 
another. What explains the reverse? 

Several distinctions are useful in consider- 
ing exchanges. First, trade among rivals— 
short term or long term, unilateral or 
bilateral—is feasible only if product is fungi- 
ble. This is not true for many differentiated 
goods and services, whence the issue of trade 
among rivals never arises for these. Second, 
short-term supply agreements are usefully 
distinguished from long term. The former 
may be explained as an “occasional excep- 
tion,” whereby one rival will sell product to 
another on a short-term, gap-filling basis so 
as to provide temporary relief against unan- 
ticipated product shortfalls (occasioned by 
either demand or supply changes). Recogniz- 
ing that the shoe may be on the other foot 
next time, otherwise rivalrous firms may as- 
sist one another for stop-gap purposes. Pub- 
lic policy can presumably recognize merit in 
such trades and, so long as they lack a pat- 


?3 possible trading objections are discussed by Scherer 
(pp. 344-45). Another objection is that reciprocity 
becomes a bureaucratic habit that salesmen and 
purchasing agents find convenient and that outsiders are 
thereby disadvantaged in attempting to secure sales. See 
my 1975 study, pp. 163-64. 
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tern, hence do not give rise to a “web of 
interdependence," will regard these as un- 
objectionable. Long-term trading among ri- 
vals is, however, much less consistent with 
the notion of effective head-to-head rivalry. 
At the very least, such arrangements warrant 
Scrutiny. 

Whether there are efficiency incentives for 
rivals to supply product to one another on a 
long-term basis turns initially on prospective 
realization of production cost savings. The 
realization of production cost savings through 
long-term trade between rivals requires that 
economies of scale be large in relation to the 
size of geographic markets and, if they are, 
that firm-specific reputation effects extend 
across geographic market boundaries. The 
former is obvious since, absent economies of 
scale, every firm would presumably supply 
everywhere to its own long-term needs. 
Where, however, scale economies are signifi- 
cant, each market will support only a limited 
number of plants of minimum efficient size. 

But fungibility and scale economies do not 
establish that gains from trade will be real- 
ized from such sales. This will obtain only if 
the value of (identical) product sold by rivals 
exceeds that sold by the local supplier. The 
issue here is whether valued reputation ef- 
fects will go unrealized if rivals are unable to 
secure local product on favorable terms. 
Firms that possess valued reputations that 
extend beyond their local market to include 
distant markets are thus the ones for which 
long-term supply by rivals will be attractive.” 

Bven supposing that fungibility, scale 
economy, and reputation effect conditions 
are satisfied, this merely establishes that uni- 
lateral long-term trade among rivals can yield 
economies. A justification for bilateral (ex- 
change) agreements is not reached by these 
arguments. Indeed, the usual defense for ex- 
changes—that inefficient cross-hauling will 
occur if every firm is required to supply 
everywhere to its own needs—conveniently 
suppresses the obvious alternative, which is 

. not zero trade, but rather unilateral long-term 


??Reputation effect valuations may be illusory or 
real Those that are real take the form of customer 
convenience (billing, contracting) e or assured knowledge 
of product characteristics. 
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trade. Failure to address these matters di- 
rectly and demonstrate wherein exchanges 
enjoy comparative institutional advantages 
over more standard and familiar forms of 
unilateral trade presumably explains the sus- 
pect or hostile attitude with which exchanges 
are typically regarded. The argument that 
emerges from this paper is that bilateral ex- 
changes offer prospective advantages over 
unilateral trade if the resulting exposure of 
transaction specific assets effects a credible 
commitment without simultaneously posing 
expropriation hazards. 

The type of specific asset that is placed at 
hazard by unilateral long-term trade, but 
which a reciprocal long-term exchange agree- 
ment serves to protect, is that of a dedicated 
asset. Recall that dedicated assets were de- 
scribed as discrete additions to generalized 
capacity that would not be put in place but 
for the prospect of selling a large amount of 
product to a particular customer. Premature 
termination of the contract by the buyer 
would leave the supplier with a large excess 
of capacity that could be disposed of only at 
distress prices. Requiring buyers to post a 
bond would mitigate this hàzard, but only by 
posing another: the supplier may contrive to 
expropriate the bond. More generally, the 
interests of the' supplier in adapting effi- 
ciently to new circumstances are not fully 
engaged. Reciprocal trading supported by 
separate but concurrent investments in 
specific assets provides a mutual safeguard 
against this second class of hazards. The 
hostages that are thereby created have the 
interesting property, moreover, that they are 
never exchanged. Instead, each party retains 
possession of its dedicated assets should the 
contract be prematurely terminated. 

The usual argument that exchanges are 
justified because they avoid costly cross- 
hauling does not get to these issues and, by 
itself, is not an adequate justification for 
widespread use of exchanges. Were it only 
that transportation cost savings were real- 
ized, unilateral trading would suffice. In- 
deed, petroleum firms should be expected to 
create a central exchange in which supplies 
and demands were brought into correspon- 
dence by an auctioneer. Firms would end up 
selling to each other only by accident in 
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these circumstances. Where dedicated assets 
are exposed, however, the identity of the par- 
ties clearly matters. Trades of this kind will 
not go through an auction market but will be 
carefully negotiated between the parties. 
Reciprocity in these circumstances is thus a 
device by which the continuity of a specific 
trading relation is promoted with risk at- 
tenuation effects. 


VI. Petroleum Exchanges 


“The task of linking concepts with ob- 
servations demands a great deal of detailed 
knowledge of the realities of economic life" 
(Tjalling Koopmans, 1957, p. 145). The phe- 
nomenon of petroleum exchanges has puz- 
zled economists for a long time. It routinely 
comes up in antitrust cases and investiga- 
tions. The 1973 case brought by the United 
States Federal Trade Commission against the 
major petroleum firms maintained the view 
that exchanges were instrumental in main- 
taining a web of interdependencies among 
these firms, thereby helping to effect an 
oligopolistic outcome in an industry that was 
relatively unconcentrated on normal market 
structure criteria." The more recent study on 
The State of Competition in the Canadian 
Petroleum Industry likewise regards ex- 
changes as objectionable?! The Canadian 
Study, moreover, produces documents— con- 
tracts, internal company memoranda, letters, 
and the like—as well as deposition testimony 
to support its views that exchanges are de- 
vices for extending and perfecting monopoly 
among the leading petroleum firms. Such 
evidence on the details and purposes of con- 
tracting is usually confidential and hence 
unavailable. But detailed knowledge is clearly 
germane—and sometimes essential—to a 
microanalytic assessment of the transaction 
cost features of contract. 


30FTC v. Exxon et al., Docket No. 8934 (1963). 

Robert J. Bertrand, Q. C., Director of Investigation 
and Research, Combines Investigation Act, coordinated 
the eight-volume study, The State of Competition in the 
Canadian Petroleum Industry (Quebec, 1981). All refer- 
ences in this paper are to Vol. V, The Refining Sector. 
This study will hereinafter be referred to as the Canadian 
Study. 
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A. The Evidence from the Canadian Study 


Volume V of the Canadian Study deals 
with the refining sector. Arguments are ad- 
vanced and supporting evidence is developed 
that interfirm supply arrangements permit 
the major refiners to perfect oligopolistic re- 
strictions in the following four respects:? 
1) valuable knowledge about investment and 
marketing plans of rivals are disclosed by 
such agreements (p. 56); 2) leading firms are 
able to control lesser firms by exercising 
discretionary power through the terms of 
exchange (pp. 49-50); 3) competition is im- 
paired by conditioning supply on the pay- 
ment of an “entry fee" (pp. 53-54); and 4) 
exchange agreements impose limits on growth 
and supplementary supply (pp. 51-52). 

The first two of these fail to pass scrutiny 
of the most rudimentary comparative institu- 
tional kind. Thus assuming that trade be- 
tween rivals is efficient and that unilateral 
supply agreements (if not exchange) will be 
permitted, the objectionable information dis- 
closures attributed to exchanges would pre- 
sumably continue—since investment and 
marketing plans will be unavoidably dis- 
closed in the process. Accordingly, evaluated 
in comparative institutional terms, the infor- 
mation disclosure objection is properly re- 
garded as an objection to long term trade of 
any kind. Exchanges are not uniquely culpa- 
ble. 

The suggestion that exchanges are anti- 
competitive because they permit firms to re- 
alize bargaining advantages is similarly mis- 
placed. The correct view is that firms should 
always be expected to realize such bargaining 
advantages as their positions lawfully permit. 
Absent a showing that exchanges are differ- 
ent from unilateral trades in bargaining re- 
spects, this objection is properly disregarded 
also. 


The Canadian Study contends that “a close 
examination of the interest of the [major refiners] and 
their actions shows that refining arrangements were 
meant to restrict competition. The collection of informa- 
tion, the intent to control lesser firms, the imposition of 
an 'entry fee, the use of restrictions on downstream 
growth are not characteristics that would be expected 
normally from a competitive market" (Vol. V, p. 76). 
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The entry fee and marketing restraint ob- 
jections are more substantial, however, and 
warrant elaboration. 


1. Entry Fees’ 

The entry fee objection to exchanges is 
that this has foreclosure consequences. That 
such fees are required as a precondition for 
trade, or at least the sale of product at 
favorable prices, is set out in the Canadian 
Study as follows: 


Evidence of an understanding that a 
. fee relating to investment was required 
for acceptance into the industry can be 
found in the following quotation from 
Gulf: “We do believe that the oil in- 
dustry generally, although grudgingly, 
will allow a participant who has paid 
his ante, to play the game; the ante in 
this game being the capital for refining, 
distributing and selling products” 
(Document #71248, undated, Gulf). 
The significance of the quotation lies 
equally in the notion that an “entry 
fee” was required and in the notion 
that the industry set the rules of the 
“game.” The meaning of the “entry 
fee” as well as the rules of the “game” 
as understood by the industry can be 
found in the actual dealings between 
companies where the explicit mention 
of an “entry fee" arises. These cases 
demonstrate the rules that were being 
applied—the rules to which Gulf was 
referring.. Companies. which had not 
paid an “entry fee", that is, companies 
which had not made a sufficient invest- 
ment in refining capacity or in market- 
ing distribution facilities would either 
not be supplied or would be penalized in 

the terms of the supply agreement. 
[pp. 53-54, emphasis added] 


2. Marketing Restraints 

The Canadian Study notes that exchanges 
were made conditional on growth and terri- 
torial restraints and regards both as ob- 

jectionable. The Imperial-Shell exchange 
` agreement, under which Imperial supplied 
. product to Shell in the Maritimes and re- 
ceived product in Montreal, is cited in both 
connections. 
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The agreement between Imperial and 
Shell, originally signed in 1963, was 
renegotiated in 1967. In July 1972, Im- 
perial did this because Shell had been 
growing too rapidly in the Maritimes. 
In 1971/72, Imperial had expressed its 
dissatisfaction with the agreement be- 
cause of Shell’s marketing policies. Shell 
noted: 

“There [sic] [Imperial’s] present atti- 
tude is that we have built a market with 
their facilities, we are aggressive and 
threatening them all the time, and they 
are not going to help and in fact get as 
tough as possible with us” (Document 
#23633, updated, Shell). [Vol. 5, p. 51] 


Imperial renewed the agreement with Shell 
only after imposing a price penalty if expan- 
sion were to exceed “normal growth rates” 
and furthermore stipulated that “Shell would 
not generally be allowed to obtain product 
from third party sources” to service the 
Maritimes (p. 52). 

Gulf Oil likewise. took the position that 
rivals receiving product under exchange 
agreements should be restrained to normal 
growth: “Processing agreements (and ex- 
change agreements) should be entered into 
only after considering the overall economics 
of the Corporation and should be geared to 
providing competitors with volumes required 
for the normal growth only."? It further- 
more sought and secured assurances that 
product supplied by Gulf would be used 
only by the recipient and would not be di- 
verted to other regions or made available to 
other parties (p. 59). 


B. Interpretations 


These practices are subject to several inter- 
pretations. One is that the entry fees and 
marketing restraints are both anticompeti- 
tive. A second is that efficiency purposes are 
arguably served, especially by the former. A 
third is that there are mixed effects. 


33 The Canadian Study (p. 59) identifies the source as 
Document #73814, January 1972, Gulf. 
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1. The Inhospitality Tradition 

The two polar contracting traditions for 
evaluating nonstandard or unfamiliar con- 
tracting practices are the common law tradi- 
tion, and the antitrust or inhospitality tradi- 
tion. Donald Turner makes reference to both 
of them in expressing his views about vertical 
market restrictions: *I approach territorial 
and customer restrictions not hospitably in 
the common law tradition, but inhospitably 
in the tradition of antitrust law."?* Thus 
whereas contractual irregularities are pre- 
sumed to serve affirmative economic pur- 
poses under the common law tradition, a 
deep suspicion of anticompetitive purposes is 
maintained by the antitrust (or inhospitality) 
tradition. i 

The inhospitality tradition is supported by 
the widespread view that economic organ- 
ization is technologically determined. Econ- 
omies of scale and technological nonsepara- 
bilities explain the organization of economic 
activity within firms. All other activity is 
appropriately organized by market ex- 
changes. Legitimate market transactions will 
be mediated entirely by price; restrictive 
contractual relations signal anticompetitive 
intent. 

The authors of the Canadian Study are 
evidently persuaded of the merits of this 
tradition. Long-term trade among rivals of 
any kind is suspect. And exchanges, which 
represent an irregular if not unnatural con- 
tracting form, are especially objectionable. 
Not only do exchanges facilitate information 
disclosure and permit bargaining strength, 
but they are used punitively against nonin- 
tegrated independents who, because they 
have not paid an entry fee, are denied prod- 
uct on parity terms. Furthermore, the 
marketing restraints that are associated with 
exchanges are patently offensive. 


2. An Efficiency Assessment 
Unlike the inhospitality tradition, the 
transaction cost approach is in the common 


The quotation is attributed to Turner by Stanley 
Robinson, 1968, N.Y. State Bar Association, Antitrust 
Symposium, p. 29. 
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law tradition. A comparative institutional 
orientation (Coase, 1964) is maintained. 
* Defects" are thus objectionable only where 
superior feasible alternatives can be de- 
scribed. Inasmuch as the information dis- 
closure and bargaining concerns raised by 
the authors of the Canadian Study continue 
under unilateral trading, these are set aside 
and attention is focused on other matters. 
(a) Entry Fees. The entry fee issue is a 

matter of special interest to this paper. 
Long-term exchange agreements permit firms 
to secure product in geographic markets 
where own-production is not feasible be- 
cause economies of scale are large in relation 
to their own needs. The amount of product 
in question may nevertheless be substantial. 
Firms with whom exchange agreements are 
reached will thus construct and maintain 
larger plants than they otherwise would. 
Specific investments in dedicated assets are 
made as a consequence of such agreements. 

Were it that supply agreements were of a 
unilateral kind and the buyer was unable or 
unwiling to offer a hostage, contracts of 
type II would presumably be negotiated— 
whence the trading price would be p = v, + 
k/(1— p). If, instead, the contract is ex- 
tended to include bilateral rather than unilat- 
eral trade, the contract is converted to one of 
type II. Although exchange agreements 
stipulate the physical flows of product, the 
effective price is f — o; +k, which is less 
than p. Moreover, the parties have the incen- 
tive to exchange product so long as realized 
demand price in both regions exceeds v,” 
which is the marginal cost supply criterion. 
Assuming that demands in the two regions 
are highly correlated, the parties will nor- 
mally reach common decisions on the desira- 
bility of. trade.*® 


35This assumes common costs, which condition will 
normally be approximated in exchanges of product be- 
tween firms within a single country where factor prices 
are very similar. 

©The possibility that the contract will drift out of 
alignment nevertheless needs to be recognized. Should 
one of the firms in an exchange agreement operate much 
closer to its capacity limits than the other, the latter 
party would incur much higher costs of termination 
than would the former. Recognition of this may explain 
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(b) Marketing Restraints. The supply 
and growth restraints discussed by the 
Canadian Study can be looked at in three 
ways. First, these can be viewed as a means 
by which to protect the exchange agreement 
against unilateral defection. Second, such re- 
straints may serve strategic market division 
purposes. Third, restraints may serve to regu- 
larize markets. These are not mutually exclu- 
sive. 

Only the first of these purposes is conso- 
nant with an efficiency interpretation. The 
argument here is that marketing restraints 
help to preserve symmetrical incentives. Such 
symmetry could be upset if one of the firms 
were to receive product in its deficit region 
from third parties. Such a firm might then be 
in a position to play one supplier off against 
the other. Or symmetry could be placed un- 
der strain if one party were to receive prod- 
uct from the other such that it began to grow 
“in excess of normal"—in which event it 
might be prepared to construct its own plant 
and scuttle the exchange agreement. Market- 
ing restraints which help to forestall such 
outcomes encourage parties to participate in 
exchanges that might otherwise be unaccept- 
able. 


3. A Mixed View 

Monopoly explanations are commonly ad- 
vanced when economists, lawyers, or other 
interested observers come across contractual 


practices that they do not understand. In- 


asmuch as “we are very ignorant [in this 
field], the number of ununderstandable prac- 


why “during the renegotiation of a reciprocal purchase/ 
sale agreement covering Montreal and the Maritimes,” 
Shell noted that Imperial advised them that “they were 
not Satisfied with the extent of Shell’s investment in the 
Maritimes” (p. 54). In addition to the investment in 
refining in Montreal, which Shell interpreted as an 
investment “by exchange” in the Maritimes, Imperial 
wanted Shell to make direct investment in a Maritime 
distribution network (p. 54). Shell observed in this con- 
nection that although it had made no significant invest- 
ment of its own in the Maritimes, “we have invested in 
Montreal and by exchange invested in the Maritimes so 
we have paid an entrance fee, although we have not paid 
for distribution network.” The Canadian Study (p. 54) 
_ identifies the source as Document #23633, updated, 
Shell. 
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tices tends to be very large, and the reliance 
on a monopoly explanation frequent” (Coase, 
1972, p. 67). A rebuttable presumption that 
nonstandard contracting practices are serv- 
ing affirmative economic purposes, rather 
than monopoly purpose, would arguably 
serve antitrust law and economics better than 
the inhospitality presumption which, until 
recently, has prevailed.? 

The presumption that exchanges have ef- 
ficiency purposes could be challenged on any 
or all of three grounds. First, it might be 
argued that exchanges are merely a clever 
device by which to deny product to non- 
integrated rivals. Refusals to sell to non- 
integrated firms on p terms would support 
this contention. (It is plainly unrealistic, 
however, for buyers that have. not made 
credible commitments to, expect to receive 
product at p.) Second, the market in question 
could be shown to have troublesome struc- 
tural properties. The issue here is whether 
the requisite preconditions for market power 
—mainly high concentration coupled with 
high barriers to entry? are satisfied. A 
third would be that the preconditions for 
efficiency are not satisfied. Factors favorable 
to the efficiency interpretation are the fol- 
lowing: the exchange should be of a long- 
term kind; the amount of product exchanged 
should represent a significant fraction of 
plant capacity; and economies of plant scale 
should be large in relation to the amount of 
product traded. Exchanges for a small quan- 
tity of product where economies of scale are 
insubstantial are much more problematic. 

To be sure, exchanges might simulta- 
neously service efficiency and anticompeti- 


37To be sure, this is an oversimplification. Antitrust, 
has been loath to declare contractual constraints to be 
per se illegal. It came perilously close to taking this step 
in U.S. v. Arnold Schwinn & Co., 388 U.S. 365 (1967), 
however. The prevailing enforcement view toward con- 
tractual restraints in the 1960's is accurately char- 
acterized as inhospitable. 

38 There is growing agreement that the structural pre- 
conditions that must be satisfied before claims of stra- 
tegic anticompetitive behavior are seriously entertained 
are very high concentration coupled with barriers to 
entry (my 1977 article, pp. 292-93; P. L. Joskow and 
A. K. Klevorick, 1979, pp. 225-31; Janusz Ordover and 
Robert Willig, 1981, pp. 307-08). 
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tive purposes. Here as elsewhere, where 
tradeoffs are posed, they need to be evalu- 
ated. 


VII. Concluding Remarks 


The study of contract in both law and 
economics has mainly emphasized legal rules 
and technicalities. Such an orientation is 
supported by the implicit assumption that 
the courts “work well.” Whether they work 
well or poorly, however, requires a compara- 
tive institutional assessment. There is grow- 
ing awareness that the (comparative) limita- 
tions of the courts are more severe than the 
legal centralism tradition admits. 

The severity of these limitations is not 
uniform but varies with the circumstances. A 
discriminating approach to the study of con- 
tract will necessarily make provision for this. 
Specifically, if different transactions have 
different governance needs, these will be ex- 
pressly recognized. Accordingly, the study of 
contract is appropriately extended from legal 
rules to include an assessment of alternative 
governance structures, of which the courts 
are only one. Of special interest in this con- 
nection is the use of bilateral governance 
structures (private ordering) to implement 
nonstandard contracts where the adaptation 
and continuity needs of the parties are espe- 
cially great. 

This paper is an effort to deepen the un- 
derstanding of private ordering. The central 
points are these: 

1) Hostages: Contrary to the prevailing 
view that hostages are a quaint concept with 
little or no practical importance to contem- 
porary contracting, the use of hostages to 
support exchange is widespread and eco- 
nomically important. But hostage creation is 
only part of the story. Expropriation hazards 
and prospective maladaptation conditions 
also need to be considered. Complex gover- 
nance structures, of which reciprocal trading 
is one, arise in response to such conditions. 

2) Asset Specificity: The organization of 
economic activity is massively influenced by 
the degree to which the transactions under 
examination are supported by assets that are 
specific to the parties. This paper 1) reaf- 
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firms the basic proposition that governance 
structures need to be matched to the underly- 
ing attributes of transactions in a dis- 
criminating way if the efficiency purposes of 
economic organization are to be realized, 2) 
extends the scope of asset specificity to in- 
clude dedicated assets, and 3) establishes that, 
as between two buyers, one of whom posts a 
hostage in support of specific asset invest- 
ments by suppliers while the other does not, 
suppliers will offer better terms to the former, 
ceteris paribus. 

3) Microanalytics: The relevant unit of 
analysis for studying exchange relations of 
the kinds discussed in this article is the trans- 
action. Assessing transactions. and assigning 
them to governance structures in a dis- 
criminating (mainly transaction cost econo- 
mizing) way requires much more microana- 
lytic knowledge of economic activity and _ 
organization than is customary within eco- 
nomics. Empirical work will necessarily re- 
flect this?? Price and quantity of course re- 
main relevant, but the contractual devices by 
which prices are made to track costs, the 
manner in which adaptations are effected, 
and the safeguards that are provided are not 
only germane but are sometimes decisive. 

4) Contracting in its Entirety: Not every 
transaction poses defection hazards, and it 
may not be possible to safeguard all that do. 
Where the potential hazards that beset con- 
tracts are evident to the parties from the 
outset, however, studies of contracts and of 
contracting institutions arguably start “at the 
beginning." This has ramifications for 
assessing the importance of the prisoners’ 
dilemma and for understanding the adminis- 
tration of justice. 

(a) Prisoners’ Dilemma: The benefits of 
cooperation notwithstanding, the achieve- 
ment of cooperation is widely thought to be 
frustrated by the relentless logic of the pris- 
oners’ dilemma. To be sure, it has always 
been evident that defection can be deterred if 
payoffs are appropriately altered. But this 
stratagem is held to be infeasible or is other- 


39Examples of microanalytic studies of contract in- 
clude myself (1976), Thomas Palay (1981), Goldberg 
and Erickson (1982), and Scott Masten (1982). 
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wise dismissed—on which account the di- 
lemma persists or appeal is made to “exoge- 
nous norms of cooperative behavior [that 
are] adhered to by the actors" (Albert 
Hirschman, 1982, p. 1470). I submit that the 
feasibility of crafting superior ex ante incen- 
tive structures warrants more attention. A 
leading reason for its neglect is because the 
study of the institutions of contract has 
occupied such a low place on the research 
agenda. Subtle incentive features that are 
incorporated in nonstandard contracting 
practices have gone undetected as a conse- 
quence of this nonchalance—on which 
account the practical significance of the pris- 
oners’ dilemma to the study of exchange has 
been vastly exaggerated. 

(b) Justice: The notion that hostages are 
demanded as a condition for supplying prod- 
uct on favorable terms has the appearance of 
an arbitrary exercise of power: the stronger 
party “demands” a hostage from the weaker, 
who accedes it because it has no other choice. 
In fact, a comparative institutional assess- 
ment of contractual alternatives discloses that 
efficiency purposes are often served by 
hostages and that it is in the mutual interest 
of the parties to achieve this result. Not only 
can producers be induced to invest in the 
most efficient technology, but buyers can be 
induced to take delivery whenever demand 
realizations exceed marginal cost. More gen- 
erally, contracts need to be examined in their 
entirety, with special attention to their gover- 
nance features. Principles of justice or com- 
petition that look at the relation between the 
parties at the execution stage without ex- 
amining the ex ante bargaining relation are 
at best incomplete and are frequently mis- 
taken.” Parties to a contract should not ex- 


"Robert Nozick's views on justice are apposite: 
"whether a distribution is just depends upon how it 
came about. In contrast, current-time-slice principles of 
justice hold that the justice of a distribution is de- 
termined by how things are distributed (who has what)" 
(1975, p. 153). What he refers to as the current-time-slice 
approach to justice neglects ex ante bargaining and 
evaluates justice in terms of outcomes alone. Upon 
realization that justice is administered in this way, initial 
bargains will be struck on different terms than they 
would if the parties were given assurance that the com- 
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pect to have their cake (low price) and eat it 
too (no hostage). 
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On Layoffs and Unemployment Insurance 


By ROBERT H. ToPEL* 


The problem studied in this paper is how 
current systems of providing and financing 
unemployment insurance (UJ) affect the 
private decisions that generate unemploy- 
ment. It is widely recognized that the provi- 
sion of UI affects the search strategies of 
jobless individuals by raising reservation 
wages, thus increasing the average duration 
of unemployment spells.! In various forms, 
almost all empirical work on the impact of 
UI has studied this incentive. More recently, 
the focus of theoretical research has shifted 
to the role of UI in affecting the joint deci- 
Sions of workers and firms that generate 
transitions £o unemployment. Here the em- 
phasis is on current methods of financing 
benefits—via partially “experience. rated" 
payroll taxes on individual employers—and 
the incentives that these methods provide 
toward increasing the incidence of temporary 
layoff unemployment? In terms of what is 
known about magnitudes of effects, this role 
of experience rating is probably the most 
important unresolved empirical issue in UI 
research. It is the main concern in this paper. 


*Department of economics, University of Chicago, 
1126 E. 59th Street, Chicago, IL 60637. I acknowledge 
support from the Center for the Study of the Economy 
and the State at the University of Chicago, and the U.S. 
Department of Labor. I have benefited from the com- 
ments of David Coppock, Joe Hotz, Sherwin Rosen, 
George Stigler, and Finis Welch, and of seminar par- 
ticipants at Chicago, Rochester, SUNY-Stony Brook, 
University of California-Los Angeles, and Yale Univer- 
sity. Joe Tracy provided excellent research assistance. 

'The empirical literature on duration effects of UI is 
Jarge and continues to grow. For useful surveys of 
empirical estimates, see Finis Welch (1977) or Daniel 
Hamermesh (1979). Relatively recent contributions are 
Nicholas Kiefer and George Neumann (1979) and Steven 
Nickell (1979). 

?The main reference is Martin Feldstein (1976). See 
also the discussions in Martin Baily (1976), and my 
article with Welch (1980). Temporary layoffs may 
account for as much as 50 percent of unemployment 
spells among workers who have separated from their. 
previous jobs (quits, discharges, and layoffs). This share 
is strongly countercyclical, and is larger in manufactur- 
ing than elsewhere. See the discussion in Feldstein (1975), 
and my (1982a) article. 
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That current methods of financing unem- 
ployment insurance subsidize unemployment 
is undeniable; as it turns out, experience 
rating in determining employer taxes is nor- 
mally incomplete, so that in almost all cases, 
the value of benefits received by unemployed 
workers exceeds their incremental cost to 
firms. The empirical magnitude of this wedge, 
which often equals or even exceeds the total 
money value of benefits paid out, can pro- 
vide a powerful incentive toward increased 
layoffs. Despite this fact, however, previous 
research has been severely limited by the 
absence of any reliable measure of the expe- 
rience rating subsidy to unemployment that 
is both relevant for individual workers, and 
that can be used in empirical analysis.? 

My point of departure in this paper is in 
measuring the extent of subsidization that is 
implied by the structures of UI financing 
systems in the United States. Differences in 
these structures across states provide the em- 
pirical leverage needed to identify the incen- 
tive effects of the UI subsidy. The estimates 
reported -below, based on a large sample of 
individuals from the 1975 Annual Demo- 
graphic File of the Current Population Survey 
(CPS), indicate that incomplete experience 
rating may account for as much as 30 per- 
cent of all spells of temporary layoff unem- 
ployment. Additionally, most of the impact 
of UI on layoffs is accounted for by this 
subsidy; nonsubsidized benefits are found to 
have an insignificant impact on layoff deci- 
sions. 

Appealing to the theory of job search, the 
duration of unemployment spells has played 
a prominent role in previous empirical re- 
search on the effects of UI. The incentives 


*For example, Feldstein (1978) measures UI incen- 
tives by the ratio of available benefits to disposable 
weekly earnings. Nothing can be inferred from this 
variable about the role of experience rating and UT 
subsidization in affecting unemployment. Only Frank 
Brechling (1981) has attempted to tie experience rating 
attributes of states to measures of labor turnover. 
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'that operate in the present context are quite 
different, however, and theory indicates that 
UI will affect both the probabilities that indi- 
viduals enter unemployment, (the frequency 
of spells, via layoff decisions) and that they 
leave unemployment (the duration of spells, 
via search and rehire decisions). The empiri- 
cal methodology developed below estimates 
the effects of UI, and other variables, on 
"each of these transitions. Consistent with 
theory, the estimates indicate that the UT 
subsidy increases unemployment by chang- 
ing both the frequency and the expected 
duration of layoff spells. It is important to 
note that this methodology adjusts for the 
fact that UI may induce a greater number of 
short spells, which could actually reduce the 
mean duration of unemployment in any sam- 
ple. 

The paper is organized as follows. The 
first section develops the empirical founda- 
tion for the problem analyzed here, focusing 
on the structure of UI systems and methods 
of financing in the United States, and on the 
incentives implied for the joint employment 
decisions of workers and firms. Section II 
describes the data and tbe empirical strategy 
used to estimate UI effects on unemploy- 
ment, and Section III reports the economet- 
ric evidence. 


I. The Institutional Setting 


Among unemployed individuals who have 
separated from their previous jobs (i.e., ex- 
cluding entrants to the labor force), tem- 
porary layoffs and discharges consistently 
dominate quits, accounting for nearly 90 per- 
cent of this category in an average year. 
Since quits are the major reason for UI in- 


. eligibility under state laws, it is clear that the | 


large majority of passages to unemployment 
are, in principle, compensable by the UT 
system. In fact, tabulations of a special 
questionnaire administered with the May 
1976 CPS indicate that 75 percent of all 


^These estimates are based on tabulations of the CPS 
data for the twelve years, 1968-79. Temporary layoffs 
are defined here to include individuals who have a 
definite recall date within thirty days of the survey, plus 
those whose layoff is of indefinite duration. Discharges 
are unemployed workers who do not anticipate rehire by 
their former firms. 
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temporary layoffs and 70 percent of dis- . 
charges were either receiving UT benefits or . 
had an application to receive them pending. 
In short, most “involuntary” transitions into © 
unemployment involve the receipt of UI ben- 
efits for at least some portion of time spent 
unemployed. 

Despite this important connection, not all 
individuals who may experience unemploy- 
ment are equally "insured" by the UI sys- 
tem. Subject to several qualifying restric- 
tions, a typical state program may pay weekly 
benefits to an unemployed worker that are 
equal to half of foregone, before-tax weekly 
earnings, up to a maximum for a stipulated 
period. Variations on this basic algorithm are 
numerous, however, and the proportion of 
spendable earnings that are replaced by UI 
benefits—the so-called “replacement ratio" 
—can differ across individuals both within 
and between state programs. To illustrate the 
range of these differences, Table 1 shows 
calculated values of the replacement ratio for 
hypothetical individuals in several state pro- 
grams in 1975. Thus, for example, a married 
worker in Michigan with two dependents 
and a weekly wage of $100 would have ex- 
perienced only a 4 percent decline in dis- 
posable income had he become unemployed,? 
while a layoff would have reduced the same 
worker's income by more than 40 percent in 
California or Florida. Similar differences can 
be generated within state programs: a trip- 
ling of the weekly wage to $300 in Texas 
implies a 34 percentage point decline in the 
replacement ratio, while the same experiment 
in Wisconsin— with a more liberal ‘benefit 
ceiling and progressive state income taxes— 
would reduce the replacement ratio only 
slightly. 

With experience-rated UI financing, the 
effects of these differences on the incidence 
of unemployment, and especially on ayott 
decisions, are theoretically ambiguous.$ Con- 


5 Though not shown in the table, a worker in Michi- 
gan with three or more dependents would experience a 
significant increase in disposable income during an 
unemployment spell. 

These points are developed formally i in the expanded 
version of this paper, which examines the demand for 
insurance by workers and the feedback effects of 
workers’ search strategies on the layoff and rehire deci- 
sions of firms. See my (1982a) article. 
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TABLE 1 — BENEFIT REPLACEMENT RATIOS FOR 
QUALIFIED WORKERS IN SELECTED STATE 
UNEMPLOYMENT INSURANCE PROGRAMS, 1975 


Weekly Wage 
Married, 

Single 2 Dependents 
State $100 $300 $100 $300 
California .63 .50 .59 .45 
Florida .62 .38 .59 35 
Massachusetts -70 5 81 A6 
Michigan 16 45 96 .50 
New York .65 46 69 E 
Ohio .62 40 73 Al 
Texas 64 29 61 27 
Wisconsin 67 63 63 57 


Note: Replacement ratio is calculated as potential ben- 
efit amount under state qualifying provisions as a pro- 
portion of after-tax weekly earnings. Marginal tax rates 
are based on standard deductions under federal and 
state income tax laws for the indicated family structure. 
Benefit amounts reflect dependency allowances where 
applicable. 


sider, for example, the case where wages and 
benefits do not substitute perfectly in worker 
preferences (workers are risk averse), so that 
there is a private demand for UI as insurance 
for workers. In the absence of a UI system, 
optimal employment agreements between 
workers and firms would provide for some 
form of private unemployment compensa- 
tion that mitigates workers’ income risks. In 
this context, the incentive effects of publicly 
administered UI depend on 1) who pays for 
the benefits that workers receive, and 2) the 
level of required benefit payments relative to 
what would have existed privately. In gen- 
eral, if UI is a binding constraint on employ- 
ment agreements, so firms must pay benefits 
above the privately optimal level, then higher 
benefits will increase the cost of laying off 
workers and the incidence of unemployment 
will decline.” In contrast, if firms are not 
liable for any increase in benefits, then UJ 
subsidizes unemployment and the incidence 


"The same argument implies that firms would have a 
greater incentive to rehire a worker on layoff in order to 
avoid the costs of continued benefits. Thus, the duration 
of spells would be shorter as well. Of course, for workers 
who are discharged from their previous jobs, so there is 
no possibility of recall, only search incentives are rele- 
vant and average duration of spells would increase. 
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of layoffs will increase. Our current systems 
of financing benefit payments result in a 
diverse mixture of these offsetting extremes, 
with firms usually being only partially liable 
for the benefits their workers receive. Thus, 
the size and even the sign of UI’s effect on 
unemployment depend on the degree of sub- 
sidization that is relevant in any particular 
case. 

The size of this subsidy can be quite im- 
portant. In the United States, as in no other 
country, UI benefits are financed by taxes on 
employer payrolls that are related to their 
individual histories of generating unemploy- 
ment. As already noted, this system of expe- 
rience rating is highly imperfect. Yet some 
employers are more heavily subsidized by 
imperfect rating than others. To focus on 
these differences, and to highlight the main 
empirical issues, Table 2 reports some char- 
acteristics of the distribution of insured un- 
employment and tax liabilities for six major 
state systems in 1967 and 1978.8 

An important feature of state programs is 
that assigned employer tax rates are bounded, 
so that firms with relatively high average 
unemployment, who pay the maximum rate, 
may consistently accumulate deficits of tax 
liabilities relative to benefit payments. For 
these employers. and their workers, the 
marginal cost of benefits is zero since an 
increase in insured unemployment can cause 
no incremental taxes. The empirical impor- 
tance of this fact is illustrated in row A of 
the table, which shows for each state the 
estimated proportion of total employment 
that occurred in firms whose accumulated 
past tax contributions were smaller than ben- 
efit withdrawals, Especially in 1967, this pro- 
portion is fairly small (averaging about 10 
percent of covered employment), yet row B 
shows that roughly half of all UI benefits 
were received by employees of these firms. 
Evidently, firms that entered these years with 
negative balances due to high past unem- 
ployment had higher than normal unemploy- 
ment during 1967 and 1978 as well. In fact, 
rows C and D show that estimated unem- 
ployment rates for deficit employers in 1967 


®The data used in these calculations were collected 


- and compiled by Joseph Becker (1972, 1981). Complete 


data for other states and years are not available. 
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TABLE 2— SUMMARY STATISTICS FOR SELECTED STATE PROGRAMS: THE DISTRIBUTION OF INSURED UNEMPLOYMENT 
FOR POSITIVE AND NEGATIVE BALANCE FIRMS, 1967 AND 1978 


California 
1967 1978 1967 
A. Proportion of Total 

Taxable Wages Paid 
by Negative Balance 
Firms? 

B. Proportion of Total 
Charged Benefits 
Charged to Negative 
Balance Firms? 

C. State Insured 
Unemployment Rate? 39 33 29 3.1 

D. Estimated Insured 
Unemployment Rate 
for Negative 
Balance Firms? 


11.8 13.1 


55.3 


142 121 136 


Source: Becker (1972, p. 112; 1981, p. 83). 


Massachusetts Michigan 


1978 


46.0 


10.9 


New York Ohio Wisconsin 


1967 1978 1967 1978 1967 1978 1967 1978 


3.6 280 138 - 284 44 299 8.5 14.4 


348 68.1 616 727 342 58.1 60.8 26.9 


2.6 36 29 38 16 21 2.1 2.5 


25.1 87 129 96 124 40 150 47 


bAverage weekly insured unemployment. Source: U.S. Department of Labor, Handbook of Unemployment Insurance 
Financial Data (1978). Data for 1978 are unpublished, and were obtained directly from the Labor Department. 


*(Row B+ Row A)XRow C. 


averaged about five times the implied means 
for positive balance employers, but this dif- 
ference sharply narrowed as greater numbers 
of firms achieved deficits by 1978.? Thus, the 
data indicate extensive cross subsidization 
within self-financing state systems. And since 
most firms with negative balances pay the 
maximum allowable tax rates, it follows that 
the marginal cost of benefits that is relevant 
for a major portion of insured unemploy- 
ment is also heavily subsidized. 

While these facts document an important 
degree of cross subsidization in the current 
UI system, nothing is implied by them about 
the empirical role of UI financing in affect- 
ing unemployment, since workers in high 
unemployment sectors are, by construction, 
subject to larger subsidies. For example, the 
insured unemployment rate for workers in 
the construction industry is typically about 
10 percent, which is sufficiently high to 
guarantee that employers in this industry pay 


Ceteris paribus, this shift implies that a larger pro- 
portion of covered employment is subject to zero experi- 
ence rating. For details and causes of these trends, see 
my article with Welch (1980). 


the maximum rate and face a full marginal 
subsidy on benefits. It is clearly not legiti- 
mate to infer from this fact that large subsi- 
dies cause above-average unemployment in. 
this industry. This type of reverse causality 
presents a serious inference problem in iso- 
lating independent effects of the subsidy, 
and methodology for dealing with it is devel- 
oped below. In addition, while these data 
indicate that a significant portion of unem- 
ployment is subject to zero experience rating, 
they say nothing about the costs and incen- 
tives implied for the majority of firms who 
pay tax rates between the state minima and 
maxima, and who are experience rated to 
some degree.!? This degree of rating, which is 
implied by the structure of state systems, 
plays an important role in the empirical 
analysis. Here, I outline the essential features 
of measuring the degree of experience rating, 
and relegate technical details to the Appen- 
dix. More detailed descriptions of particular 
experience rating methods appear in my 
article with Welch. 


I? For the states listed in Table 2, about 75 percent of 
employment fell in-this category. For further evidence, 
see Becker (1981, Table 24, pp. 164-67). 
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A. The Degree of Experience Rating in 
Current Financing Systems 


Under federal legislation, states may design 
their own schemes of benefit financing and 
payroll taxation so long as assigned tax rates 
can be justified on the basis of an employer's 
unemployment history. As with Social 
Security, these taxes are paid on a taxable 
wage base per employee that may be chosen 
by the states.'? Federal requirements on the 
form of state systems are quite loose, and as 
a result there is considerable heterogeneity 
both in the type of system chosen and, for a 
given system, in the particular parameters 
that affect incentives. In this paper, I focus 
on two general methods of experience rating 
accounting, the reserve-ratio and benefit-ratio 
methods, because they are the most common 
and because their incentives can be parsi- 
moniously summarized for empirical re- 
search. Together, these methods apply to 
more than 80 percent of insured employment 
in the United States. 

I define the degree of experience rating e 
as the value of marginal tax liabilities paid 
by employers per dollar of benefits received 
by workers. Thus, an employer faces incom- 
plete experience rating (e «1) if an addi- 
tional layoff spell generates benefits that have 
a greater present value than the associated 
increase in taxes. Empirically, there are two 
common features of financing systems that 
assure incomplete rating for most employers. 
First, as noted above, assigned tax rates are 
bounded above and below so that taxes are 
completely insensitive to changes in layoff 
behavior in some sectors. In these cases, e — 
0. Second, even for rated firms whose tax 
rates fall between the minimum and maxi- 
mum in a state, where taxes are sensitive to 
layoffs, incremental tax liabilities are spread 
through time. Interest is not charged on these 
liabilities, so the degree of rating depends on 
the time profile of tax changes. Thus, even in 
cases where the full nominal value of bene- 
fits is eventually repaid, which turns out to 


V For a summary of these laws, see Becker (1972) and 
U.S. Department of Labor (1979). 
_ V The wage base chosen may not fall below a federally 
mandated level, which now stands at $6,000. 
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be common, the timing of taxes yields an 
interest-free loan for which 0 « e « 1. 

The derivations required to completely 
characterize these dimensions of experience 
rating are contained in the Appendix. The 
results of this analysis may be summarized as 
follows. In a steady state, any employer's 
history of generating UI payments to workers 
is completely determined by his long-run 
equilibrium rate of insured unemployment, 
which I denote by p. If the employer's tax 
contributions per worker are to balance the 
flow of benefits generated by p, there must 
exist a tax rate, 7, such that rW = pB, where 
W is the taxable wage base per employee and 
B is UI benefits expressed as an annual rate. 
Therefore, in order that u be sustainable in 
this sense, 7 must lie between the minimum 
and maximum rates charged in the employer's 
state. Letting p — W/ B, this requirement can 
be expressed in terms of a pair of bounds on 
the equilibrium unemployment rate p: 


(1) Din S E < PT max 


If u lies outside the range given in (1), the 
employer pays Tmin OF Tmax independently of 
his layoff behavior, and so e — 0. Therefore, 
the bounds defined by (1) determine the 
range of equilibrium unemployment rates 
that are subject to experience rating within 
state systems.” The relation of these bounds 
to the data in Table 2 on negative balance 
firms is obvious. . 

If u lies within the range given in (1), tax 
dynamics in response to changes in an em- 
ployer's layoff behavior determine the degree 
of experience rating. These dynamics are 
nontrivial, and they differ substantially across 
state systems, but their implications can be 
summarized by the shape of the cost func- 
tion shown in Figure 1. In the illustrated 
case, which depicts experience rating in a 
typical state in 1975, rated firms paid about 
80 cents in future taxes for each incremental 
dollar of benefits received by their workers. 
Nonrated firms with unemployment rates 
greater than umas or smaller than 4min paid 


Equation (1). applies exactly in reserve-ratio sys- 
tems, but it requires slight modification for benefit-ratio 
accounting. See the Appendix. 
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Marginal 
cost elu) I 


average 
unemployment 
rate y 


H min Pmax 


FIGURE 1. MARGINAL COST OF A LAYOFF 
RELATIVE TO CHARGED BENEFITS, RESERVE-RATIO, 
AND BENEFIT-RATIO STATES 


nothing. In some states, depending on the 
speed with which taxes are adjusted, this 
marginal cost to rated firms may actually 
exceed $1 (e >1) and, as shown, e need not 
be constant throughout the rated range. 
Estimates of the bounds in (1) that are 
relevant for different state systems may be 
calculated from information on maximum 
and minimum tax rates, and on the levels of 
benefits and taxable wages in each state. 
Estimates of the degree of experience rating 
in each state can be similarly derived from 
the formulae used by each state to calculate 
taxes. Some values for both margins of 
experience rating are shown in Table 3 for 
illustrative state programs. These data show 
that both the range of unemployment over 
which experience rating is relevant and the 
degree of rating within that range differ sub- 
stantially across state systems. Thus, for ex- 
ample, in 1975, experience rating for firms 
and their workers in Michigan was truncated 
above at an insured unemployment rate of 7 
percent, while this upper bound occurred at 
only 3.8 percent in California. This means 
that for employers with equilibrium rates of, 
say, 6 percent, UI would increase the value 
of unemployment relative to employment in 
California by the full amount of available 
benefits, while 86 percent of UI would be 
repaid in Michigan. In terms of magnitudes 
of incentives, at a typical 1975 weekly bene- 
fit amount of $90, that is a difference in 
costs of $77 per week. Even within the 


V Described in the Appendix. 

I5These calculations ignore the additional effect on 
the subsidy caused by the tax-exempt nature of most UI 
payments. This omission is corrected in the econometric 
analysis. 
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TABLE 3— EXPERIENCE RATING PARAMETERS FOR 
ILLUSTRATIVE STATE PROGRAMS, 1975 


Experience 

Rating 

Method Hui ECH) Bmax 
California RR 0.9 .58 3.8 
Florida BR 0.0 .99 6.2 
Massachusetts RR 32 90 4.6 
Michigan RR 0.1 .86 7.0 
New York RR 15 71 53 
Ohio RR 02 . .75 4.0 
Texas BR 1.5 1.14 6.5 
Wisconsin 'RR 0.0 .81 4.5 


Notes: H min and H max are calculated using maximum and 
minimum tax rates in effect and the state ratio of 
average weekly benefits to average weekly taxable wages. 
The data are from Handbook of Unemployment In- 
surance Financial Data (1978), Comparisons of State 
Unemployment Insurance Laws, and unpublished U.S. 
Department of Labor data. RR denotes reserve ratio 
accounting, and BR denotes benefit ratio. 


range where the marginal cost of benefits is 
positive, a California firm would repay only 
58 cents of each dollar received by an addi- 
tional unemployed worker. At the other ex- 
treme, an identically situated firm in Texas 
would repay more than the value of benefits 
that workers receive, so that layoffs are actu- 
ally taxed for rated employers. 

By any standard, these differences in lay- 
off incentives offered to otherwise identical 
firms are large. It is this type of variation in 
the two relevant margins of experience rating 
—its range and degree—that may be ex- 
ploited in the cross section to estimate the 
impact of these incentives on layoff deci- 
sions.'® I turn to the empirical methodology 
for identifying these effects. 


U. The Data and an Empirical Strategy 
A. The CPS Data and the Basic Model 


To estimate the impact of these differences 
in incentives on layoff unemployment, I 
utilize a sample of more than 8,000 individu- 
als selected from the March 1975 file of the 


léFor purposes of empirical analysis, I treat these 
differences in costs as exogenous and do not speculate 
on the political forces that may support them. 
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Current Population Survey." Simply stated, 
the empirical strategy links to each observa- 
tion in the CPS information on the level of 
available UI benefits and the characteristics 
of experience rating that apply in an individ- 
ual's state and industry. Using straight- 
forward econometric techniques, it is then 
possible to decompose the effect of these 
variables on the probability that an individ- 
ual is on layoff into component probabilities 
of transiting to and from layoff unemploy- 
ment. The particular virtue of the March 
CPS file for this purpose is its wealth of 
information on the personal characteristics 
and employment status of individuals, which 
includes retrospective information on earn- 
ings and employment during the calendar 
year that preceded the survey. This retro- 
spective data is essential, since it is used to 
establish the level of UI benefits for which 
each individual qualifies. The relative inci- 
dence of temporary layoff unemployment was 
fairly high in 1975, which facilitates an anal- 
ysis of the factors that influence layoff and 
rehire decisions. Hence my choice of that 
year. 

To minimize the influence of vagaries in 
individual labor force participation decisions 
on the results, the sample includes only per- 
sons who were between the ages of 20 and 
65, and who were full-time, full-year labor 
force participants during the previous year. 
In addition, to focus on persons who were 
subjective to layoff risks, I selected privately 
employed, nonprofessional workers who were 
not self-employed and who did not work in 
the agricultural sector. A final selection 
criterion was imposed by the data: the CPS 
reports “state” of residence for each observa- 
tion, but smaller states are aggregated into 
larger geographic units to protect the con- 
fidentiality of responses. Since the identifica- 
tion of UI effects depends crucially on 
differences among states in methods of fi- 
nancing and liberality of benefits, 1 consider 


"The CPS is a monthly survey from which the 
government’s employment and unemployment statistics 
are compiled. The survey is slightly different in each 
month, and only the March file contains information on 
employment and earnings during the previous year. 

18A complete listing of selection criteria and sample 
Characteristics may be obtained from the author. 
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only individuals for whom state of residence 
could be exactly identified. The resulting 
sample of 8,280 individuals represented 19 
reserve-ratio and benefit-ratio financing sys- 
tems and 29 two-digit (SIC) industry classifi- 
cations.? Of these, 555 individuals (6.7 
percent of the sample) were on temporary 
layoff. Since the economywide layoff rate 
was slightly above 3 percent in this year, it is 
clear that this sample faces greater layoff risk 
than the general population. No attempt is 
made here to extend the results to other, 
more heterogeneous populations or to those 
with weaker labor force attachment. 

The estimation strategy uses two distinct 
pieces of information on an individual's labor 
market status to estimate the effects of UI, 
and other variables, on transitions to and 
from layoff unemployment: current status 
(for example, on temporary layoff) and, for 
unemployed workers, the duration of the 
current spell in progress. To use this infor- 
mation, certain assumptions on the processes 
that generate transitions are required. I as- 
sume that the underlying processes are sta- 
tionary, and that the per period probabilities 
of entering and leaving layoff unemployment 
are constant, independent of time spent em- 
ployed or unemployed. Denote these con- 
stant “hazards” by X and N“ for transitions 
from employment to layoff, and from layoff 
to employment, respectively. With this 
structure, the Appendix establishes that in a 
sample of individuals who are employed or 
on layoff, the contribution to the sample 
likelihood by individual j who is on layoff at 
the survey date is 


elyle le 
XN exp| - Dj ] 
NEAS 


(2) L; 


> 


I? These included all manufacturing industries, plus 
construction, mining, wholesale trade, retail trade, and 
transportation industries. 

20The stationarity and constant hazards assumptions 
imply that transitions are first-order Markov. Thus, the 
probability that a person is on layoff at the sample date 
is simply the proportion of time that an infinitely lived 
person in such an environment would spend unem- 
ployed. Formally, the hazard is the conditional probabil- 
ity of passage given duration T. Constancy implies that 
this probability is independent of T, and so the distribu- 
tion of completed spell lengths is negative exponential. 
Further details are appended. 
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where T; is the duration of the layoff spell in 
progress. Equation (2) is simply the joint 
probability of observing an individual on 
layoff and in the T'th week of his spell. In 
contrast, if the individual is employed then 
duration in employment is not observed, and 
so the contribution to the likelihood is sim- 


ply 
G LN [x+n]. 


The transition rates X and N° are the 
basic elements that we seek to identify in the 
` estimation procedure. Intuitively, under the 
stated assumptions the probabilities that a 
randomly selected individual is employed or 
on layoff depend on both these transition 
rates, as in (3). The single piece of infor- 
mation given by the empirical frequency of 
layoff spells in the sample would then be 
inadequate to identify each of X! and N°.” 
However, the information given by the em- 
pirical distribution of durations, 7T, among 
unemployed workers allows us to estimate X* 
—the rate at which individuals leave unem- 
ployment—separately. This estimate may 
then be used, via (3), to identify X. Estimat- 
ing the two transition rates jointly from the 
full sample of individuals who are both em- 
ployed and on layoff enhances efficiency. 

To close the empirical model, I specify the 
dependence of N° on a vector of explanatory 
variables, X;, for the jth individual as 


(4) -— Ne = exp (X,f/*), 


and A”, the transition rate from employment, 
is written conformably. Equation (4) is non- 
negative, as required, for all values of the 
vectors B, which are to be estimated. The 
number of individual parameters to be esti- 
mated is twice the number of regressors in X. 
Thus, for example, 8*' measures the impact 
of exogenous variables on the probability of 
entering unemployment, while (3) implies that 
the total impact of X on the probability of 
unemployment (the unemployment rate) is 


?' With knowledge of only the relative frequency of 
spells, the ratio V*/ A could be identified from (3). 
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measured by the difference f*' — B'°.22 The 
likelihood defined by equations (2), (3), and 
(4) is globally concave, and so standard tech- 
niques are effective in maximizing it. 
Summary statistics for the variables included 
in X are reported in Appendix Table A1, and 
are discussed below. 


B. Specifying and Identifying the 
Effects of UI 


In estimating this model, I focus on two 
UI variables as determinants of transitions, 
and thus of employment status at a point in 
time. These are the benefit-replacement ratio 
and the amount of benefits that are sub- 
sidized by methods of financing. The former 
variable is common in empirical work on the 
effects of UI, and in this specification it 
captures incentive effects that do not depend 
on imperfections in experience rating or the 
UI subsidy. Potential benefits were imputed 
for each observation from available personal 
information and from the qualifying provi- 
sions of each state's UI law, while the 
relevant marginal tax rates were calculated 
from state and federal tax tables based on 
family structure and on earnings during the 
previous calendar year. As Table Al indi- 
cates, for the typical individual in this sam- 
ple, available UI benefits would have 
replaced 56 percent of spendable weekly 
earnings during a spell of unemployment. 
Sources of variance in this variable both 
within and between state programs were il- 
lustrated in Table 1 above. 

Imputation of the UI subsidy that is rele- 
vant for each individual is based directly on 
the cost functions described above. The. sub- 
sidy to unemployment occurs both because 
of imperfect experience rating and because 
UI benefits are not normally subject to in- 


22 Equations (3) and (4) imply that the unemployment 
probability is determined by a logistic distribution. Thus 
B B*! — B" is the coefficient on x in a standard logit 
model of unemployment incidence. 

23The required information included weeks worked 
during the previous year, weekly earnings, and family 
structure (to calculate dependent’s allowances). Given 
heterogeneity in state laws, the computer program for 
this imputation is fairly complex. It is available on 
request from the author. 
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come taxation. Thus, even with full experi- 
ence rating (e(#) = 1), unemployment would 
be subsidized by the different tax treatments 
of earnings and benefits. Combining these 
. two incentives, the change in the value of 
unemployment induced by a weekly benefit 
amount of $b is simply 


(5) b((1/1— t)— e(u)), 


where : is the individual's marginal tax rate 
on earned income.” The crucial element of 
(5) is e(p), so that precise imputation of the 
subsidy requires information on p for each 
individual's employer. Such detailed infor- 
mation on unemployment histories is clearly 
unavailable. In its place, I utilize time-series 
data on insured unemployment rates at the 
two-digit SIC level of aggregation,” and cor- 
responding CPS information on the industry 
classification of each observation's most re- 
cent employer. I assume that in each in- 
dustry the equilibrium insured unemploy- 
ment rate is equal to the actual insured rate 
over the period 1971—74. Calling this rate in 
industry i, Æ;, the simplest imputation method 
would assign e,(j;) for individuals in state s. 
With slight modification to account for 
within-industry variation in equilibrium rates 
among employers, this method was used to 
impute the degree of experience rating in the 
55] state-industry cells. 

The modification simply recognizes that, 
within any industry, equilibrium rates will be 
distributed about the industry mean. Conse- 
quently, even in industries where jz, lies out- 
side a state's experience rated range defined 
in (1), experience rating may affect layoff 
decisions for some firms and conversely for 
industries where ji; is within the rated inter- 
val. There is no information on the form of 
these distributions, and so any allowance for 


24Currently, workers who earn more than $18,000 
annually are subject to federal income taxation on their 
UI benefits. This is a recent development, however, and 
in 1975 all benefits were tax exempt. 

25'These are nationwide unemployment rates for each 
industry. They appear in various issues of Unemploy- 
ment Insurance Statistics. Some series were unpublished, 
but they may be obtained from the Department of 
Labor. 
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this type of effect must be somewhat crude. 
Thus, since the potential for within-industry 
variance is larger in industries with high 
average unemployment, I assume an industry 
density for u, f,(p), that is triangular with 
the range of variation in p proportional to 
the mean.” The factor of proportionality y is 
the same in all industries, and so the as- 
sumed range of y is equal to ji; + yj; in the 
ith industry. The expected degree of experi- 
ence rating for person j in industry i may 
then be imputed using the density f,(u) and 
the cost function e(2) in each state program. 
The parameter y may be chosen on the basis 
of the model’s overall fit, and a value of 
y » 0 indicates effects of experience rating 
even where ji; > H max- Of course, because of 
the form of f(u), this effect is constrained to 
die out the farther is i; from the experience 
rated range. 

The fact remains that industries with ex- 
tremely high or low average unemployment 
will have less imputed experience rating— 
since a larger proportion of f,(u) would lie 
outside the range defined in (1)—and this 
may seriously bias the results in favor of 
powerful experience rating effects." This 
source of bias may be purged by estimating 
the model with vectors of fixed industry ef- 
fects in the specifications of both A‘! and X*. 
That is, I assume 


(6) xB! = af! +Z,0%, 


and xB" = al? +26", 


26 The density is of the form 


(1+(p-E))/ (0E) ni 


file) = 
(-(G-72)/QuY a> ui 

271Table 5, below, makes this especially clear. In- 
dustries such as Apparel and Miscellaneous Manufac- 
turing have relatively high values of #;, high sample 
layoff rates, and large imputed subsidies. Even if the 
subsidy did not affect layoffs, this relationship would 
almost surely yield a positive estimated effect of the 
subsidy on unemployment. The strategy indicated in the 
text simply subtracts these cross-industry effects, and 
concentrates solely on variation in the subsidy within 
industries. 
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where the a, represent industry-specific 
shifters of the transition rates." In this 
specification, differences in levels of exoge- 
nous variables across industries are captured 
by the o;, so only within-industry variation in 
Z; is used in estimating 6° and 6”. 

“Since it; is the same for all persons in 
industry i, within-industry variation in the 
degree of experience rating is caused only by 
differences between states in the location 
and height of the cost function, e(). There- 
fore, any estimated impact of the UI subsidy 
reflects only the within-industry experiment 
of changing the function e(a), while dif- 
ferences between industries in average levels 
of the subsidy and unemployment do not 
affect the results. 


Ill. The Evidence 


All of the specifications that I have esti- 
mated show strong effects of unemployment 
insurance on layoff unemployment. More 
importantly, the evidence is that most of 
UI’s impact on layoffs is caused by current 
methods of experience rating. In this sample, 
the layoff unemployment rate would have 
been about 30 percent lower if the subsidy to 
unemployment caused by the current UI sys- 
tem had been eliminated. In contrast, simple 
changes in the level of U7 benefits that leave 
the subsidy constant would have only minor 
effects on layoffs. 

Table 4 summarizes the main results for 
the determinants of temporary layoff unem- 
ployment. In the table, I report two specifi- 
cations of the model, the first of which 
ignores any information on experience rat- 
ing. Thus, all UI effects in this specification 
are captured by the replacement ratio, and 
the impact of this variable will reflect the 
average degree of UTI subsidization in addi- 
tion to any independent effects of changing 
the level of available UI. The estimates in the 


?5Since there are 29 industries represented in the 
data, the model estimates 58 industry coefficients in 
addition to the other parameters of the model. In prac- 
tice, this brought to 78 the number of parameters in the 
estimated models. The procedure for estimating the 
fixed effects in a nonlinear model like this one is consid- 
erably more complicated than simply subtracting out 
industry means and it is expensive to compute. 
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first specification show a strong positive im- 
pact of UI on unemployment, and the domi- 
nant share of this effect is due to a statisti- 
cally significant increase in the probability of 
experiencing a layoff, rather than to in- 
creased duration of spells. To fix ideas on 
the magnitudes of these effects, evaluating 
the model at sample means yields an esti- 
mated monthly probability of entering un- 
employment of .029. At means, the point 
estimate of the ratio’s impact on this transi- 
tion implies that the per period layoff proba- 
bility is unit elastic with respect to benefits 
(1.82 X .56 = 1.02), so a 10 percent across- 
the-board reduction in the level of UI (about 
$8 per week) would reduce the monthly 
probability of entering layoff by about 0.3 
percentage points. At the other margin, how- 
ever, there is no significant effect of the 
replacement ratio on the probability of leav- 
ing layoff. 

Overall, the point estimate of UI's total 
effect in the third column (1.70) implies that 
a 10 percent reduction in the level of benefits 
would eliminate about 8.8 percent of all lay- 
off spells in this sample.? I have experi- 
mented with various nonlinear forms for the 
effects of the ratio (for example, splines and 
quadratics), but these findings were not af- 
fected by such changes in specification. In 
Short, the estimates in the first specification 
indicate that the incidence of temporary lay- 
off unemployment is quite sensitive to the 
availability of unemployment insurance, and 
that transitions into layoff unemployment 
play a prominent role in explaining this rela- 
tionship. 

The effects of other exogenous variables in 
model A are largely self-explanatory. Recall 
that the specification controls for differences 
caused by the characteristics of particular 
industries, so the estimates reflect within- 
industry changes in exogenous variables. For 
example, since the usual statistical determi- 
nants of earnings are controlled for in the 


??'This total impact of UI is similar to that of Feld- 
stein (1978), who regressed layoff unemployment on the 
replacement ratio. Feldstein's data were for a different 
year (1971) and a more heterogeneous sample, which 
makes comparisons difficult. Note that Feldstein's OLS 
method of estimating the probability of a layoff is not 
capable of identifying separate effects on transitions. 
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'TABLE 4— UNEMPLOYMENT INSURANCE AND LAYOFF UNEMPLOYMENT 


Specification A 
; Entering Leaving Total 
Exogenous Variables: Z; Layoff* Layoff b Effect? 
Subsidy 
Replacement Ratio 1.82 -117 1.70 
(2.66) (241) (3.54) 
Weekly Wage = 100 047 065 — .018 
(404) (794) (—-217) 
Age —.058 .034 —.092 
(—1.52) (1.27) (—3.38) 
Age? + 100 .036 —.047 .083 
(761) (—1.39) (2.51) 
Age = 25° —.040 O11 —.051 
(—2.67) (1.03) (—4.85) 
Age = 40* "929 . —003  —026 
(—5.25)  (-.829) (-6.23) 
Education —.050 — .068 .018 
(—.428) (—.890) (204) 
Educatior? + 100 — .066 405  -4 
(—.119) (108  (-.732) 
Education = 12° — .066 027 — .093 
(— 1.96) (1.15) (—3.88) 
Race (White) —.092 .044 —.136 
(—4.91) (.388) (—1.00) 
Sex (Male) .177 224 —.047 
(1.00) (179) (-375) 
Industry Effects Yes Yes Yes 
In£ — 3636.5 
Proportion Unemployed 071 


Note: Asymptotic normal statistics in parentheses. 
Estimate of 0*!. 
Estimate of 6/¢, 
“Estimate of 6° — 9!e, 


Specification B 
Marginal Entering Leaving Total Marginal 


Probability? Layoff Layoff Effect Probability 
683 —.402 1.09 072 
(L35) (— 1.05) (3.29 
.112 1.01 .414 .603 .040 
(1.24) (.729) (1.02) 
— 001 —.023 061 —.084  —.005 
(—.193) (730) (-.967) 
— .006 —.058 .036 — .094 — .006 
(—1.50) (1.29) (—3.45) 
.005 .036 —.048 084 005 
(752) (— 1.39) (2.49) 
—.003 —.040 O11 —.051 — 003 
(— 2.63) (1.01) (—482) 
—.002 —.029 —.003 —.026 — 002 
(—520)  (—.819) (—6.20) 
.001 —.046 —.072 .026 —.002 
(—.389) (-.930) (299) ; 
—.031 — 086 432 —.519 —.034 
(—.154) (115) (— 1.24) j 
—.006 —.066 .031 — .097 —.006 
(— 1.96) (1.32) (4.05) 
— .009 —.107 .050 —.157 .010 
(—.563) (385) (—1.14) 
—.003 .199 .226 — .027 — .002 
(1.22) (1.79) — (—.219) 
Yes Yes Yes 
—36312 


Derivative of unemployment probability at sample mean. 
* Age and education quadratics evaluated at the indicated level. 


specification, the coefficient on the weekly : 


wage might be interpreted as the effect of 
unobserved components of individual or 
job-specific productivity. There is no evi- 
dence in these data that unemployed workers 
are materially different in this respect than 
their employed counterparts, nor are the in- 
dividual transition rates significantly af- 
fected by earnings capacity. This is not too 
surprising, since most workers on layoff will 


end up returning to their old jobs. The ef- 
fects of age and education, however, are 
strong: On average, a 25-year old is about 50 
percent more likely to be unemployed than a 
40-year old (wage constant) and an extra 
year of schooling reduces unemployment by 
over half a point. The age profile of unem- 
ployment probabilities is nohlinear, becom- 
ing flatter at older ages. As with the impact 
of the replacement ratio, these effects are 
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concentrated on the probability of entering 
layoff.?? Finally, there are no significant ef- 
fects of race or sex on layoff unemployment 
rates, although men have slightly shorter 
spells than women. These results are not 
sensitive to changes in the specification of 
UI effects, and so they will not be referred to 
further below.?! 

The imputed UI subsidy to unemployment 
is controlled for in specification B. It turned 
out that the dispersion parameter y was quite 
costly to estimate directly in the maximum 
likelihood procedure, though in experiments 
with the imputation the data preferred a 
value of y=0.25. This value implies a 
within-industry standard deviation in p of 
only about 15 percent of the mean, and the 
results are not statistically different from 
those obtained when y =0. Thus, there is 
little evidence that within-industry dispersion 
of is an important consideration in evaluat- 
ing the incentive effects of experience rating. 
The direct impact of imputed experience rat- 
ing on layoff unemployment, however, is both 
Statistically and numerically significant. 

In the specification, I have entered the 
subsidy as a proportion of weekly earnings 
so that the imputed degree of rating, e(u), is 
the only source of independent variation in 
the subsidy relative to the replacement 
ratio. In light of the powerful effect of the 
replacement ratio estimated in the first 
model, this restriction offers a strong test of 
the role of experience rating in affecting 


3°This finding is consistent with that of Robert Hall 
(1972) and others, who found that differences in the 
duration of unemployment across groups are of minor 
significance in explaining differences in unemployment 
rates. That this also holds for temporary layoffs is 
somewhat more surprising, given the symmetry of layoff 
and rehire decisions. 

3'Note that the worker's union status is not an 
explanatory variable. This is because union membership 
is not reported in the March file (except in 1971). 
However, any differences across industries in unioniza- 
tion rates are captured by the industry effects, a,. It is 
- therefore highly doubtful that the omission of union 
status could strongly affect the results. 

??Since the replacement ratio is b/ w(1— £), the sub- 
sidy as a proportion of weekly earnings multiplies the 
ratio by the quantity 1 — e()(1— t). This is an interac- 
tion term, and the results imply that most of the effect 
of UI comes through this interaction with experience 
rating. - 
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layoff decisions, and serves to divide the 
total impact of UI between its subsidized 
and nonsubsidized components. Thus, note 
that when the subsidy is controlled for the 
estimated impact of the replacement ratio 
falls by over 60 percent relative to model A, 
and it is no longer significant by standard 
criteria. At means, the new point estimate of 
.603 implies that a 10 percent change in the 
benefit level that holds the subsidy constant 
would change the layoff probability by two- 
tenths of a percentage point? In contrast, 
the UI subsidy has a powerful and statisti- 
cally significant effect on the layoff unem- 
ployment rate. Since the average subsidy is 
equal to 31 percent of the weekly wage, the 
point estimate in the last column implies that 
the subsidy accounts for (approximately) 
.072 X.31/.071- 31 percent of the sample's 
layoffs. In other words, if the incentives to- 
ward increased unemployment offered by 
current methods of experience rating and 
income taxation were entirely eliminated, the 
average layoff unemployment rate in this 
sample would decline by more than one 
fourth. 

The data and discussion of Section I imply 
that current methods of financing UI will 
have a larger impact on layoffs in high un- 
employment industries, where the subsidy to 
unemployment is larger and experience rat- 
ing less relevant to layoff decisions. Table 5 
illustrates this distributional effect, showing 
the predicted amount of the layoff unem- 
ployment rate that is accounted. for by the 
subsidy in selected industries. Thus, for ex- 
ample, in the high unemployment Apparel 
industry (f= 7.65 percent) the subsidy is 
equal to about 56 percent of weekly earnings, 
on average, and so it accounts for over 6.7 
points of the industry layoff rate in this year. 
In contrast, in Primary Metals, average un- 


3The point estimate of 1.01 in the transition to 
layoff is still numerically large, but it is imprecisely 
estimated and is partially offset by a positive and insig- 
nificant estimated effect on transitions from layoff. Note 
that at the mean of the subsidy (.31), the effect of the 
same 10 percent change in benefits is also about, .2 


' points (.072 X.31X.1=.0022), so that the total effect is 


almost evenly divided. When local market conditions 
are controlled for in Table 6, however, the share of this 
effect shifts strongly to the subsidy. 


cnet 
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TABLE 5— ESTIMATED EFFECTS OF THE UNEMPLOYMENT INSURANCE SUBSIDY, 


BY INDUSTRY, 1975 
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Subsidy/ Layoff Total Effect 

Weekly Unemployment of Subsidy 

B? Wage Rate (percent)? 
Wholesale Trade 1.82 33 1.86 0.65 
Machinery 1.92 32 4.44 1.47 
Chemicals 1.96 32 1.78 0.60 
Retail Trade 1.99 27 1.98 0.58 
Primary Metals 2.43 23 7.34 1.70 
Electrical Machinery 3.10 .29 8.38 2.46 
Fabricated Metals 3.31 27 11.72 3.04 
Food 4.73 36 5.10 1.88 
Misc. Manufacturing, ` 6.77 61 9.82 5.86 
Apparel 1.65 51 12.54 6.76 
Construction 8.33 42 14.15 5.56 
Total 3.75 31 7.1 222 


*Calculated from average monthly UI compensated unemployment rates, by in- 
dustry, 1972—74. Source; U.S. Department of Labor, Handbook of Unemployment 


Insurance Financial Data, various issues. 


P Workers on layoff as a proportion of workers employed and on layoff. 
“Approximate effect of eliminating the imputed UI subsidy. The formula is total 
effect = 1.09 x(p;)X(1— p;)Xsubsidy, using model (2)-(4), where p; is the industry 


layoff rate. 


employment is much lower (ji = 2.43 per- 
cent) and experience rating more extensive, 
so the mean imputed subsidy accounts for 
only 1.7 points of total layoff unemploy- 
ment. 

The decomposition of the total impact of 
the subsidy into its component effects on 
probabilities of entering and leaving layoff 
also shows the expected signs, though the 
point estimates are only moderately larger 
than their standard errors. Using the point 
estimates, 62 percent of the total effect on 
unemployment is.due to increased transitions 
from employment to layoff (the layoff prob- 
ability is 20 percent higher), while the point 
estimate of —.402 in layoff transitions im- 
plies that the mean level of the subsidy in- 
creases the average duration of layoffs by 
about 1.3 weeks. Thus, though the estimates 
from the decomposition are imprecise, there 
is evidence in these data that the significant 
impact of the subsidy on layoff unemploy- 
ment is due to both more frequent and longer 
layoff spells. And as in Table 5, these effects 
will be nonneutral across industries, being 
larger in poorly experience rated sectors. 
< Changes in the reported specification that 
excluded various combinations of. demo- 


graphic characteristics did not materially af- 
fect the results, nor did restrictions of the 
sample to men only, or to white men only. 
However, one change in the basic specifi- 
cation does affect the estimated impact of 
unemployment insurance. Recall that the re- 
sults shown in Table 4 rely heavily on be- 
tween-state differences in the liberality of 
benefits, and the extent of experience rating 
to estimate incentive effects of UI. Thus, to 
the extent that there are important dif- 
ferences across states in “local” market con- 
ditions affecting layoff, rehire, and search 
decisions, these results may be biased.?^ For 
example, rapidly growing states such as Texas 
and Florida are reputed to be “strong” local 
markets, and the data of Tables 1 and 3 
reveal relatively low benefit levels and strong 
experience rating in those states. To control 
for these long-term differences among areas, 
I have reestimated the model in Table 5 
including as an explanatory variable the im- 
puted growth rates of private, nonagricultur- 
al employment in each individual’s state. 
These rates were estimated from quadratic 
trend regressions for each state, and the re- 


34] am indebted to Bob King for raising this issue, 
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TABLE 6— ESTIMATED EFFECTS OF UNEMPLOYMENT INSURANCE AND STATE GROWTH OF LAYOFF UNEMPLOYMENT 


' Specification B 
Total Entering Leaving Total 
Effect* Layoff* Layoff? Effect? 
1.007 .874 —.219 1.093 
(3.01) (1.98) (649) (3.82) 
302 — — — 
(491) 
— 631 ~ 519 141 ~ .660 
(—2.28) (—1.50) (0.32) (—2.45) 
— 3627.9 


Specification A 
Entering Leaving 
Exogenous Variables: Z; Layoff* Layoff? 
Subsidy 612 — 396 
(1.21) (— 1.04) 
Replacement Ratio 861 559 
(1.01) (.949) 
Growth Rate —.426 205 
(—1.18) (.874) 
Inf — 3926.2 
Note: Asymptotic normal statistics in parentheses. Other explanatory variables are as in Table 4. 
@Estimate of 0“. 
"Estimate of 6/¢, 


“Estimate of 8*! — 6e. 


sults of including them are summarized in 
Table 6.55 

Even after controlling for industry com- 
position, rapidly growing states have fewer 
layoffs, and the majority of this effect is 
again attributable to the probability of enter- 
ing unemployment. At means, a one per- 
centage point increase in long-term growth 
(less than a standard deviation) reduces the 
layoff rate by about .5 points. Most im- 
portantly, however, controlling for local 
growth reduces the impact of the replace- 
ment ratio by about 50 percent from the 
estimate in Table 4. In fact, the impact of the 
ratio is now negligible: a 10 percent change 
in the benefit level that leaves the subsidy 
constant would change the layoff unemploy- 
ment rate by only one-tenth of a point, 
though the standard error on this estimate is 
large.?6 The effects of the unemployment in- 
surance subsidy, however, are not materially 
different than in Table 4, and its total effect 


The data for these auxiliary regressions are taken 
from the U.S. Department of Labor, Employment and 
Earnings, States and Areas, various issues. 

©The total effect of a 10 percent change in benefits 
that includes the effect of experience rating is, at means, 
.32 percentage points. Two thirds of this effect is 
accounted for by the subsidy. This total effect can also 
be decomposed into effects on entering and leaving 
unemployment, and it is clear from the point estimates 
that passages to layoff unemployment are more strongly 
affected by UI. à 


on unemployment remains highly significant. 
For completeness, I also report in the table 
the estimated effect of the UI subsidy when 
the replacement ratio is excluded. Again, the 
results are not highly sensitive to this exclu- 
sion, though the impact on transitions into 
unemployment is somewhat larger in this 
case. I conclude from this evidence that the 
impact of UTI is overstated when local market 
conditions are ignored, but this bias falls 
most on the replacement ratio. Methods of 
financing UI, in contrast, continue to have 
strong and stable effects on layoffs that are 
consistent with theory. 


IV. Summary and Concluding Remarks 


The vast majority of employer-initiated 
spells of unemployment involve the payment 
of unemployment insurance benefits. This 
empirical connection between layoff deci- 
sions and the UI system may affect observed 
unemployment rates for two reasons. First, 
the legislated level of benefits that must be 
paid to laid off workers can change the rela- 
tive costs of unemployment to both workers 
and their employers, and this alone: may 
influence layoff, rehire, and search decisions. 
Second —and this has been the main focus of 
this paper—current systems of UI financing 
clearly subsidize the occurrence of unem- 
ployment, since most employers are only 
partially liable for the benefits that their 
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workers receive. Largely for lack of suitable 
measures of the incentives offered to firms, 
however, these effects of unemployment in- 
surance on the decisions that generate unem- 
ployment have been previously untested. 
The empirical evidence presented in this 
paper indicates that both the extent and the 
effect of UI subsidization are important. Ex- 
amination of the structures of state financing 
laws shows that even experience-rated firms 
often face significant unemployment subsi- 
dies, and an important portion of aggregate 
employment is not subject to experience rat- 
ing at all. The econometric analysis showed 
that the impact of the unemployment in- 
surance subsidy on layoff unemployment is 
powerful— the imputed subsidy accounts for 
more than a quarter of all layoffs in the data 
—and the effects on the probabilities of en- 
tering and leaving unemployment are in 
accord with theory. For workers who are 
subject to temporary layoff, UI appears to 
have a more important effect on transitions 
into unemployment than on the more com- 
monly studied duration of spells. Taken to- 
gether, these findings offer strong support 
for the hypothesis, originally proposed by 
Feldstein (1973), that methods of financing 
unemployment insurance can have important 
effects on the incidence of unemployment. 
These results imply that, without changing 
benefii levels available to unemployed workers, 
a significant reduction in layoff unemploy- 
ment could be achieved by changing the 
incentives offered by current UI laws. It is 
tempting to conclude from these findings 
that subsidies to unemployment should be 
eliminated via complete experience rating of 
UI taxes (full employer liability) and the 
symmetric tax treatment of benefits and 
earned income. My analysis does not justify 
that conclusion, however, since very little is 
known about the optimal structure of UI 
financing systems. For example, under cir- 
cumstances where labor turnover may be 
viewed as a public good (see Hall, 1979, and 
Peter Diamond, 1981), firms (and workers) 
will undervalue separations and so complete 
experience rating of UI may inefficiently dis- 
courage permanent layoffs. These arguments 
are far less applicable for temporary layoffs, 
however, and they cannot be used to justify 
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the current structure of experience rating 
where many layoff-prone employers face no 
marginal cost of benefits at all. On these 
grounds, the empirical effects identified in 
this paper can be viewed as costs of the 
current organization of unemployment in- 
surance financing in the United States. 


APPENDIX 


A. Calculating the Degree of 
Experience Rating 


1. Benefit-Ratio Systems. In benefit-ratio 
systems, an employer's tax rate depends on 
the ratio of total benefits charged to the 
employer's account over the past T' years to 
total taxable wages for the same period. This 
is the benefit ratio: 


T T 
BR- Y Bu, jN., / E WN, 
je j=l 


T 
or BR-p),n, jn, 
j=l 


where p= B/W and n, — N, ;/XN,. , is 
the share of year t — j employment in total 
employment over the past T' years. Thus, the 
benefit ratio is just a share-weighted average 
of past unemployment rates times the “charge 
rate," p. In some benefit-ratio states, the 
firm's tax rate is just 7, = BR, but, in others, 
BR, is multiplied by a factor of proportional- 
ity, A, equal to the ratio of total state benefit 
payments to those which are charged to firm 
accounts. Thus 7,=ABR, with A21. The 
present value of taxes caused by a transitory 
change in p relative to benefits received may 
then be calculated to be 


e-A(1- (14i) 7)7T, 


where i is the rate of interest. This marginal 
cost of benefits is less than unity (for A — 1) 
and is declining in 7' because the implicit 
interest-free loan is repaid over a longer 
period when T rises. In most states, T —3 
years, while the currently operating system in 
Michigan sets T = 5 years. Thus, with 7—3 
and i=.1, e-.828À while with T—5e-— 
-1584. 
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2. Reserve-Ratio Systems. Under this meth- 
od of accounting, each employer's tax rate, 7, 
depends on the ratio of total funds in its 
account to its total taxable payroll— the re- 
serve ratio. If R, is total reserves credited to 
the employer's account in year t, W the 
taxable wage base per employee, and N the 
total number of employees, then the reserve 
ratio is r, = R,/WN. Assuming WN, is ap- 
proximately constant (most state programs 
use weighted averages over several years), r, 
follows r, — r, , 7, — ph, where p = B/W. 

Between the maximum and minimum rates, 
7, is defined as a step function of r, When 
these steps are small, the function may be 
treated as approximately linear: 7 = yy — qr. 
Then taxes follow the difference equation 

nW = 5,47 (17); * Bp, 
Using this equation, a current increment to 
u, generates future taxes worth By, /(q, + i) 
where i is the rate of interest. Thus, dividing 
by the value of benefits received, e = »,/(1, 
+i). In a typical system, y, —.3 so with 
i=.1,e=.75. 

For a large step in the tax function at ratio 
f, the linear approximation .is less ap- 
propriate. In general, the step may be char- 
acterized as t= 7, for r « f and t= 4, for 
rf. The tax rate that would support a 
steady-state value of u is t* = pp = 1) + (7, 
—%) where 0« $ «1l. Thus, when r= m, 
reserves decline at rate 

r- na = % — pium $n- %)) = — Ar. 
Conversely, if 7 = 7,, reserves accumulate at 
rate 

1 = 7 — ph, = (1— 9)Ar. 

Now the tax authority sets + on the basis 
of r at annual evaluations. A firm with 7 < 
7* « 1, will find that its taxes alternate be- 
tween T and 7, as its reserve ratio is above or 
below ? at the evaluation dates. Define the 
beginning of such a cycle, ¢, as the first 
instant where r, crosses Ê from above, and let 
& be the proportion of a year remaining from 
Í to an evaluation. Assuming o «.5 (deriva- 
tions for $7.5 are symmetrical), reserves 
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decline to Ê — Arpa at the first evaluation, 
they rise for one year to Ê + Ar(1— $(1-- a)), 
and then decline to ? after $^! —(1-- a) peri- 
ods. Thus, the length of a cycle is $^!, of 
which $^! —1 periods have a tax of 1 and 
one has a tax of 1,. As of the first evaluation, 
the present value of the surcharge Ar for one 
period is Ar(1— e~')/i. Assuming that a is 
uniformly distributed on the unit intetval, 
the expected present value of the tax 
surcharge as of the period t is 


EDT — p7i\2 
[4,822 £ ) enda e 4 £ | 
0 H l 





Since this surcharge occurs every $^! peri- 
ods, the present value of the firm's future tax 


rate is 
1-e7Yy l-e!\ ei/e 
rex hem 








Raaf 


Now consider a change in unemployment 
that lasts exactly one period and generates 
change in reserves dr = — p du. This change 
implies that the end of the cycle occurs 
dr/$ Az periods sooner, and so the change in 
the present value of taxes as measured from 
the point where the cycle would have ended 
is 

B= Ar se Lg | (exp (idr/@Ar)—1) J 


1- e?^! 


Discounting this value to the period ty, where 
the shock commences, and assuming that f; 
is uniformly distributed on (0,¢~'), that is, 
that layoffs can begin at any time, yields an 
expected present value of the tax increment 
of 


(A1) 


E = 1— 

The change in benefits received per unit of 
taxable payroll is just dr, so dividing (A1) by 
dr and letting x = (¢At/idr)~', we have an 
expected marginal cost of benefits of ((1— 
e”')/i)*(e* -1)/x. Now x0 as dr 0, 
and so as increments to unemployment be- 
come small this marginal cost approaches 


Jii he” it-t) dt, 





=) (exp(idr/ġ4r)-1) 2. 
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(0 —e7)/i z1/( - i). Therefore, the re- 
serve-ratio system generates approximately a 
one-year interest-free loan for UI payments 
made by firms located in large steps of the 
tax function. Consequently, the marginal cost 
of benefits in reserve-ratio states jumps from 
0, /(y, +i) to 1/0. +i) for equilibrium un- 
employment rates in the range (1/p, 7,/p). 


B. The Likelihood Function 


In a sample of full-time full-year par- 
ticipants, individuals may be categorized 
among three labor force “states” as of the 
sample period, t. These are employment (e), 
on temporary layoff (/), and unemployed 
Without prospect of rehire (d). Over time, 
individuals move among these states, and I 
assume that in a stationary environment the 
cumulative distribution of completed spell 
lengths + in state i is F'(r). The conditional 
density of incomplete spell lengths among 
workers in state i at the survey date is then 


v'(t— 
vi(t) 


where v'(t — T) is the probability that a spell 


(a2) wry- 4 - T). Fry, 
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commenced at t — T and V'(t) is the proba- 
bility of observing an individual in i. The 
probability of observing the Tth week of a 
spell of type i is then simply A'(T)V'(t). 

Now if transitions are first-order Markov, 
a well known result from renewal theory 
(D. R. Cox, 1962) states that the distribution 
functions F'(7) must be exponential. (For a 
more general analysis, see Chris Flinn and 
James Heckman, 1980. The conditional 
exit-time densities given elapsed time in the 
state—the hazard functions—are constants 
given by f'(r)/(1— F'(r)). Denote these 
transition rates by A*', X4, N°, and M*. I 
assume that X! = X°? = 0, so that permanent 
layoffs cannot become temporary and con- 
versely. 

Straightforward calculation shows that the 
steady-state probability of observing ran- 
domly selected individual a in state e, em- 
ployment, is simply 


"Ne 


A3 P(t) = : 
( ) $ (1) x + MENT NE 


1 4. Xe 


which is independent of ¢. Using this, 
we have, for example, v/(t— 7) — NICE). 
Therefore, the probabilities of observing the 


TABLE Al — VARIABLE DEFINITIONS AND SUMMARY STATISTICS, MARCH 1975 CPS SAMPLE 


Standard 

Variable Definition Mean Deviation 
Subsidy Total UI subsidy as proportion of weekly earnings 

(imputed) 31 19 
Replacement Ratio Potential UI benefits as proportion of weekly 

after-tax earnings (imputed) .56 .15 
Growth Rate? Predicted rate of growth of state, private, non- 

agricultural employment from auxiliary regressions 1.27 1.86 
Weekly Wage Annual earnings + weeks worked last year 202.49 98.02 
Age Age in years 39.50 12.60 
Education Years of completed schooling 12.20 2.50 
Sex =| if individual is male, = 0 otherwise 43 AS 
Race = ] if individual is white, = 0 otherwise 90 31 
T Duration of a temporary layoff spell in progress ] 

(weeks) 10.50 7.50 
Layoffs* =] if worker on temporary layoff, = 0 otherwise 7.11 25.70 
Observations 7,806 


Note: Original sample included 8,280 observations. The estimation procedure conditions on the sample of workers 
who are on layoff or employed, so discharges (435) and quits (39) are deleted from the final sample. 


* Growth Rate and Layoffs are shown in percent. 
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Tth week of a layoff and discharge spell are, 
respectively, 


(A4) e(i T) = e (O)N"exp( - TX), 


(AS) g(t, T) = (0) "exp - TX). 


These depend on all four hazards, and so 
estimation of the full model involves a num- 
ber of parameters equal to four times the 
number of regressors. We may economize to 
analyze passages to and from temporary lay- 
off, however, by conditioning the sample on 
those individuals who are not in state d. 
Using (A3) and (A4) this reduces the number 
of unknowns to X* and X, and results in 
equations (2) and (3) of the text. This sample 
restriction reduced the sample size to 7,806 
from 8,280. 

Summary statistics for these data used in 
estimating this model are shown in Table A1. 
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The Origin of Predictable Behavior 


By RONALD A. HEINER* 


Despite vigorous counterargument by its 
proponents, optimization theory has been 
persistently attacked as an acceptable ex- 
planation of behavior. In one form or 
another, these attacks repeat the oldest cri- 
tique of economics; namely, the ability of 
agents to maximize successfully. Over the 
years, this critique has taken various forms 
which include information processing limita- 
tions in computing optima from known pref- 
erence or utility information, unreliable 
probability information about complex en- 
vironmental contingencies, and the absence 
of a well-defined set of alternatives or conse- 
quences, especially in an evolving world that 
may produce situations that never before 
existed. 

These complaints are not new to econom- 
ics. Indeed, they have been present during 
the very intellectual sifting process that pro- 
duced neoclassical optimization and general 
equilibrium theory. Thus, if we are to further 
elaborate this critique of conventional the- 
ory, the basic issue is whether there is any- 
thing new that is worthy of attention by 
someone well versed in standard tools and 
concepts. Are we simply advancing more re- 
fined or cleverly argued versions of older 
critiques, or extensions of them to areas not 
previously emphasized? 


*Department of Economics, Brigham Young Univer- 
sity, Provo, UT 84602. I am indebted to Axel Leijon- 
hufvud for constant encouragement about applications 
to economics, and for numerous stylistic suggestions. 
Harold Miller helped familiarize me with a broad range 
of issues across the sociobiological, psychological, and 
behavioral science literatures. James Buchanan provided 
stimulating discussion about conceptual issues. I have 
also benefited from the advice and criticism of Armen 
Aichian, Ron Batchelder, Bruce Brown, Robert Clower, 
Daniel Friedman, Jack Hirshleifer, Kai Jeanski, Randy 
Johnson, Edward Leamer, Stephen Littlechild, John 
McCall, James McDonald, Richard Nelson, Gerald 
O'Driscoll, Dennis Packard, Clayne Pope, Lionello 
Punzo, Ezio Tarantelli, and Sidney Winter. Needless to 
say, these colleagues are not responsible for inadequacy 
in the conceptual framework or scope of ideas pre- 
sented. 


Such arguments would still represent an 
attack on the basic rationality postulate of 
economics (that agents are able to maximize), 
but without providing a clear alternative to 
traditional optimization theory. However 
plausible these arguments might be, ulti- 
mately they must be set aside by someone 
desiring a theoretical understanding of be- 
havior, unless they lead to another modeling 
structure whose analytical ability can be ex- 
plored and compared with existing optimi- 
zation theory. 

Another argument focuses on the desire to 
understand the “real” dynamic processes that 
actually generate observed behavior. In con- 
trast, optimization is thought of as a surro- 
gate theory based on false assumptions about 
agents’ capacity to maximize. Thus, it can be 
defended only in terms of empirical test- 
ability, without really illuminating the un- 


- derlying processes determining behavior. 


Nevertheless, even if this view was fully 
accepted, it is unlikely by itself to cause a 
major shift away from conventional thinking. 
The reason is that evolutionary processes 


. have long ago been interpreted as one of the 
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key mechanisms tending to produce optimiz- 
ing behavior; or conversely, optimizing mod- 
els will predict the behavior patterns that will 
survive in an evolutionary process tending to 
select relatively superior performance.! The 
latter interpretation is in fact one of the 
dominant justifications for standard models 
against the criticism of unrealistic assump- 
tions (i.e., the surviving agents of a selection 
process will behave “as if” they are able to 
maximize)? 


'See in particular Armen Alchian's well-known 1950 
paper, and also Sidney Winter, 1964, 1971; Jack 
Hirshleifer, 1977; Richard Nelson and Winter, 1974. 

2A still used reference on the “as if" point of view is 
Milton Friedman's 1953 paper. Some recent journal 
illustrations are Benjamin Klein and Keith Leffler, 1981, 
p. 634; Richard Posner, 1980, p. 5; Hirshleifer, 1977, p. 
50; Nelson, 1981, p. 1059. The ultimate extension of this 
view is to claim not that agents are able to maximize 
(select most preferred actions), but rather that any ob- 
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In spite of the above conclusions, I believe 
there is a viable alternative to standard mod- 
els—one that directly comes to grips with 
the persistent critiques of economic theory 
and which broadens our analytical horizon 
to encompass a much wider range of phe- 
nomena. 

In particular, I believe that observed 
regularities of behavior can be fruitfully 
understood as “behavioral rules" that arise 
because of uncertainty in distinguishing pre- 
ferred from less-preferred behavior. Such un- 
certainty requires behavior to be governed by 
mechanisms that restrict the flexibility to 
choose potential actions, or which produce a 
selective alertness to information that might 
prompt particular actions to be chosen. These 
mechanisms simplify behavior to less-com- 
plex patterns, which are easier for an ob- 
server to recognize and predict. In the special 
case of no uncertainty, the behavior of per- 
fectly informed, fully optimizing agents re- 
sponding with complete flexibility to every 
perturbation in their environment would not 
produce easily recognizable patterns, but 
rather would be extremely difficult to pre- 
dict. Thus, it is in the limits to maximizing 
that we will find the origin of predictable 
behavior. 

If the view taken here is correct, it means 
that predictable features of behavior do not 
arise from optimizing with no uncertainty in 
choosing most preferred behavior; and fur- 
thermore, evolutionary selection processes 
will in general not produce approximations 
to optimizing behavior. Rather, predictable 
behavior will evolve only to the extent that 
uncertainty prevents agents from successfully 
maximizing. 

In the following, I sketch the line of 
thought and the observations which have led 
me to this conclusion, and briefly outline the 
elements of a modeling structure that can be 


applied to a wide range of topics. A number. 


of applications are presented to illustrate the 
range of issues unified by the analysis, which 


served behavior is consistent with the maximization of 
some function. This latter formulation is probably inca- 
pable of either theoretical or empirical disproof (see 
Lawrence Boland, 1981). 
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is far broader than the reader is likely to 
anticipate without explicit examples. 


I. Problems with the Methodological 
Arguments for Optimization 


Optimizing with full ability to select most 
preferred behavior is rarely justified as an 
empirically realistic assumption. Rather, it is 
usually defended on methodological grounds 
as the appropriate theoretical framework for 
analyzing behavior. The chief defense is em- 
pirical fruitfulness in generating unfalsified 
predictions. 

We might criticize this testability criteria 
with modern philosophy of science argu- 
ments? Nevertheless, a long list of confirmed 
predictions would be persuasive evidence in 
favor of a theory. Yet, it is just here that we 
have a problem. Suppose we really asked to 
see the list of clearly implied, unambiguous 
predictions that have been derived from our 
basic optimization models. 

The answer to this query, one that would 
be admitted by many practitioners in the 
field, is that at best we have developed a very 
short list. All sorts of behavior is consistent 
with or plausibly suggested by optimization 
models, yet still not predicted by them. For 
example, optimization models have never 
been able to imply the Law of Demand 
(buying less of a commodity when its price 
rises), which is probably the oldest and sim- 
plest behavioral regularity in economics. Of 
course, we can use the theory to argue it is 
unlikely that a negative income effect will 
outweigh the pure substitution effect, espe- 
cially for goods that absorb a small fraction 
of a person's income.’ The acceptance of this 
view is heavily influenced by our belief in the 


3See for example, B. Caldwell, 1982; also Karl Popper, 
1969; Imer Lakatos and Alice Musgrave, 1970. 

4] was told in a graduate price-theory class by Armen 
Alchian that the only clear implication of consumer 
theory is that with more income, a consumer will buy 
more of at least something. Harold Demsetz, when 
informed of this story, responded by saying, “well then 
just define holding cash balances as saving, and we have 
no testable implications, just one mass of tautologies." 
See also the opening remarks of Kenneth Arrow, 1982, 
p. 1; and the closing remarks of Vernon Smith, 1982, p. 
952. 
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empirical validity of the Law of Demand. 
Yet, regardless of how cleverly we interpret a 
Slutsky equation, no clear prediction is im- 
plied. 

We could pursue a number of other exam- 
ples, all of which suggest that conventional 
models have never really been fruitful in 
generating testable implications? For this 
reason, I believe allegiance to these models is 
not grounded in the claim of empirical fruit- 
fulness, despite the usual rhetoric that this is 
the case. Rather, it is based on a deeper 
methodological issue about the effect of 
dropping the basic rationality assumption.® 

Think of this issue in the following terms. 
Standard choice theory tries to explain be- 
havior by matching the “competence” of an 
agent with the “difficulty” in selecting most 
preferred alternatives. It assumes for the pur- 
pose of theoretical explanation that there is 
no gap between an agent’s competence and 
the difficulty of the decision problem to be 


5Some other examples are: second Law of Demand, 
short- and long-run supply dynamics, risk aversion, time 
preference, self-interest, liquidity preference, expecta- 
tion lag and adjustment structures, price-taking behav- 
ior, oligopoly strategic patterns; relative price vs. quan- 
tity elasticities, relative income-consumption elasticities, 
etc. The so-called “laws of supply and demand” have 
probably been the most empirically useful tools in eco- 
nomics (both in formulating simple hypotheses about 
market responses to parameter changes, and in pro- 
viding the basic structural equation system used in 
modern econometric model building). Yet, these simple 
laws are not derivable from basic optimization concepts, 
and thus empirical analysis derived from them does not 
confirm these concepts. 

*Without going into any details, I would also like to 
mention a large literature in behavioral psychology about 
the matching law (Richard Herrnstein, 1961, 1964, 1970), 
which has cast doubt on the validity of traditional 
maximization theory to explain behavior under certain 
reinforcement schedules. See P. de Villiers, 1977, for a 
summary of earlier experimental results, and for more 
recent experiments with human subjects, see C. M. 
Bradshaw, E. Szabadi, and R. Bevan, 1976; William 
Buskist and Harold Miller, 1981. For recent articles 
about the validity. of maximization, see Herrnstein and 
Gene Heyman, 1979; Heyman and R. Duncan Luce, 
1979; Howard Rachlin, John Kagel and R. C. Battalio, 
1980; D. Prelec, 1982; and for recent experiments in 
which matching has dominated maximizing behavior, 
see Herrnstein and William Vaughan, 1980; Vaughan, 
1981; John Mazur, 1981. 
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solved (hereafter called a “C-D. gap"). On 
the other hand, the presence of a C-D gap 
will introduce uncertainty in selecting most 
preferred alternatives, which will tend to 
produce errors and surprises. Such mistakes 
are by their nature unpredictable and erratic. 
Yet, it is only the systematic elements of 
behavior that we can hope to scientifically 
explain and predict. Thus, in order to theo- 
retically isolate the systematic tendencies in 
behavior, we must exclude a C-D gap, no 
matter how implausible or unrealistic this 
might be.® 

This perspective has been a dominant fac- 
tor in loyalty to traditional optimizing con- 
cepts. Nevertheless, I believe it is mistaken, 
and that essentially the opposite view is true. 
To see why, think of the above argument as 
an empirical hypothesis about the effect of 
“irrationality”; namely, that the additional 
uncertainty from a larger C-D- gap will gen- 
erate more errors and surprises, thus produc- 
ing more irregularity and noise in behavior. 
There are numerous complicating factors 
about how to test this hypothesis, especially 
how to measure a person’s C-D gap. We can 
avoid these problems by broadening our 
horizon to consider an interspecie compari- 
son between humans and other animals. Here ` 
it is clear without detailed argument that the 
average C-D gap of other animals is larger 
than that of humans? Yet when we observe 
nonhuman species, the overwhelming quali- 
tative impression is not one of greater irregu- 
larity, but instead of greater rigidity and 
inflexibility of behavior. Pattern is not more 


7Posing the problem in terms of a gap in an agent’s 
decision competence relative to the difficulty of a deci- 
sion problem was suggested to me by Axel Leijonhuf- 
vud. 

*For a recent example of this view, see’ Jack 
Hirshleifer’s 1980 price theory text, p. 9. A similar 
argument is used to justify “rational expectations” equi- 
libria. See, for example, Robert Lucas, 1981, pp. 125, 
223 24; and Robert Cooter, 1982b, p. 232. ` 

?For analysis of cognative differences between hu- 
mans and animals, and the evolution of intelligence, see 
M. Konner 1982, David Premack, 1983; P. Rozin, 1976; 
Carl Sagan, 1977; Harry Jerison, 1973; R. Masterton, 
William Hodos, and Jerison, 1976. 
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difficult but rather easier to notice in animals 
than in humans. 

This qualitative difference between hu- 
mans and other animals is obviously not new 
to us; it having long ago been given the 
capsulized description of "instinct." Still, I 
do not believe that we have recognized the 
significance of this general pattern for 
evaluating and constructing theoretical mod- 
els of behavior. This pattern is telling us that 
it is not the absence of a C-D gap, but rather 
its presence which conditions regularity in 
behavior. 

Why should this be the case? Think of an 
omiscient agent with literally no uncertainty 
in identifying the most preferred action un- 
der any conceivable condition, regardless of 
the complexity of the environment which he 
encounters. Intuitively, such an agent would 
benefit from maximum flexibility to use all 
potential information or to adjust to all en- 
vironmental conditions, no matter how rare 
or subtle those conditions might be. But 
what if there is uncertainty because agents 
are unable to decipher all of the complexity 
of the environment (i.e., there is uncertainty 
due to a C-D gap)? Will allowing complete 
flexibility still benefit the agents? For exam- 
ple, if we could somehow “loosen up” the 
behavior of an organism without affecting its 
perceptual abilities, would it compete more 
effectively for food or mating partners than 
before? 

Ibelieve the general answer to this question 
is negative: that when genuine uncertainty 
exists, allowing greater flexibility to react to 
more information or administer a more com- 
plex repertoire of actions will not necessarily 
enhance an agent's performance. Even if we 
confine our attention to human behavior, we 
can find evidence for this proposition, espe- 
cially in highly competitive situations with 
noticable elements of complexity relative to 
human information processing and other 
perceptual abilities. 

For example, in sequential replication 
games of the basic prisoner's dilemma (see 
Robert Axelrod, 1980a), round robin compe- 
tition identified the simplest strategy (the tit 
for tat strategy) as dominant over all of the 
others (submitted by persons in economics, 
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mathematics, psychology, political science, 
and sociology). Moreover, the worst perfor- 
mance came from the strategy that specified 
the most "sophisticated" learning and prob- 
n adjustment process to guide its behav- 

!! Another example is the publishing his- 
an on strategies to win at blackjack. Earlier 
books emphasized sophisticated card-count- 
ing, bet-variation methods (see especially Ed- 
ward Thorpe’s book, Beat the Dealer). How- 
ever, while no one has challenged the 
mathematical validity of these earlier more 
complex methods, their actual use resulted in 
worse performance by most persons attempt- 
ing to use them (which generated sizable 
unexpected profits to the casinos). As a 
result, later books have steadily evolved to- 
ward more rigidly structured methods (for 
example, two recent books are No Need to 
Count and Winning Casino Blackjack for the 
Non-Counter ).? 

Consider also Rubic's cube. There are over 
43 trillion possible initial positions from 
which to unscramble the cube. Minimizing 
the number of moves to solve the cube would 


‘For a description of the tournament and its results, 
see Axelrod, 1980a. The top strategies were all variants 
of the simple tit for tat strategy, but none were able to 
beat the basic strategy (in particular, see pp. 8 and 18). 
When a second round of the tournament was run, tit for 
tat still won even though numerous more complex 
strategies were submitted (see Axelrod, 1980b). For 
recent analytical analysis on this issue, see David Kreps 
et al., 1982. 

"Axelrod describes the worst of the submitted 
strategies in the first round: 


This rule has a probability of cooperating, P, which is 
initially 30% and is updated every 10 moves. P is 
adjusted if the other player seems random, very coop- 
erative, or very uncooperative. P is also adjusted after 
move 130 if the rule has a lower score than the other 
player. Unfortunately, the complex process of adjust- 
ment frequently left the probability of cooperation in 
the 30% to 70% range, and therefore the rule appeared 
random to many other players. [1980a, p. 24] 

For example, see Richard Canfield, 1979, pp. 19, 
37-38, 144-47, 150. 

Some of the major books in order of publication 
are: Thorpe, 1962; Lawrence Revere, 1969; John Archer, 
1973; Ian Anderson, 1975; Virginia Graham and C. I. 
Tulcea, 1978; Canfield, 1979; Leon Dubey, 1980; Avery 
Cardoza, 1981. See Canfield’s book, especially pp. 11—12, 
16—19, 37-38, 60—61, 62—65. See also Dubey, pp. 11-12, 
17-19, 64, 165-66, 168, 172. 
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require an extremely complex pattern of ad- 
justment from one particular scrambled posi- 
tion to another. Yet, if mistakes are made in 
trying to select a short cut, the cube will 
remain unscrambled indefinitely. Conse- 
quently, cube experts have developed rigidly 
structured solving procedures that employ a 
small repertoire of solving patterns to un- 
scramble the cube. These procedures follow a 
predetermined hierarchical sequence that is 
largely independent of the initial scrambled 
position." However, they almost always re- 
quire a much longer sequence of moves than 
the minimum number needed to unscramble 
the cube. Thus, they are not an approxima- 
tion to the enormously complex behavior 
that would be exhibited by an omniscient 
agent who could immediately select the 
shortest sequence for each scrambled posi- 
tion. Note also that the information needed 
to behave in this fashion (present in the 
initially scrambled patterns on the face of 
the cube) is costless to observe and instantly 
available; one need only look at the cube 
while unscrambling it. 

Finally, consider the research of Herbert 
Simon over a number of years, which has 
shown that decision makers in a variety of 
contexts (including both individual and 
organizational behavior) systematically re- 
strict the use and acquisition of information 
compared to that potentially available. For 
example, Simon’s idea of "satisficing" repre- 
sents a feedback mechanism between an in- 
ternal target variable (called the “aspiration 
level") and the scope of information evalu- 
ated to implement that target. Over time, the 


feedback process will both guide and disci- . 


pline the use of information and the resulting 
behavioral complexity that will evolve within 
a person or organization. Other learning, 


. MIn following a typical set of instructions, one selects 
a side of the cube and begins by placing either its corner 
or its edge pieces in their proper positions; next, one 
places in sequence the pieces in the middle section; 
finally, one repositions the pieces on the remaining, 
opposite side of the cube (see Czes Kosniowski, 1981). 
Other similar procedures include D. Taylor, 1980; James 
Nourse, 1980; Patrick Bussert, 1981; B. W. Barlow, 
1981. í 

For example, Simon, 1955, 1959, 1969, 1976, 1978, 
1979a; A. Newell and Simon, 1972. 
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cognitive processes, and decision algorithms 
can be similarly interpreted. 

The above examples suggest that allowing 
flexibility to react to information or to select 
actions will not necessarily improve perfor- 
mance if there is uncertainty about how to 
use that information or about when to select 
particular actions. Thus, an agent’s overall 
performance may actually be improved by 
restricting flexibility to use information or to 
choose particular actions. 


II. How Uncertainty Generates Flexibility 
Constrained Behavior 


The argument to this point has suggested 
that uncertainty due to a C-D gap may gen- 
erate flexibility constrained behavior. The 
next step is to characterize more precisely 
how such uncertainty might produce this re- 
sult. To do so, a simple “reliability condi- 
tion” is developed that specifies when to 
allow or prohibit flexibility to select poten- 
tial actions or to use information that might 
prompt particular actions to be chosen. 

Two major classes of variables determine 
the uncertainty resulting from a C-D gap. 
The first are environmental variables (de- 
noted by e) which determine the complexity 
of the decision problem to be solved by an 
agent (including the complexity of environ- 
mental situations potentially encountered; 
the relative likelihood of these situations; 
and the stability of the relationships that 
determine possible situations and their rela- 
tive likelihood). The second are perceptual 
variables (denoted by p) which characterize 
an agent's competence in deciphering rela- 
tionships between its behavior and the en- 
vironment.'É Thus, the p and e variables 
determine the “gap” between competence 
and difficulty (the C-D gap) which produces 


'6Tn economics, the p variables might describe mis- 
taken perceptions about what is more preferred, infor- 
mation processing errors, unreliable probability infor- 
mation, etc.; while the e variables describe the complex- 
ity and volatility of both present and future exchange, 
legal, and political conditions. In biology, p might refer 
to the sensory and cognitive mechanisms of an organism, 
and e to the structure and stability of ecological rela- 
tionships involving competition for food or mating 
partners. 
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uncertainty about how to use information in 
selecting potential actions. In general, there 
is greater uncertainty as either an agent's 
perceptual abilities become less reliable or 
the environment becomes more complex. 

These relationships are formally rep- 
resented as a vector-valued function, U= 
u(p,e), which describes the structure of un- 
certainty from a C-D gap characterized by p 
and e. The signs above p and e signify that 
uncertainty is negatively related to an agent's 
perceptual abilities, and positively related to 
the complexity and instability of the environ- 
ment. 

Now consider a conceptual experiment 

‘about an agent initially limited to a fixed 
repertoire of actions, and ask whether al- 
lowing flexibility to select an additional ac- 
tion will improve the agent's performance. 
Under certain conditions, the new action will 
be more preferred than the other actions in 
the agent’s repertoire (the “right” time to 
select the action), but otherwise it will be less 
preferred than one of those actions (the 
* wrong" time to select the action). Depend- 
ing on the likelihood of different situations 
produced by the environment, the probabili- 
ties of the right or wrong time to select the 
action are written as (e) and 1— r(e), re- 
spectively. 

Because of uncertainty, the agent will not 
necessarily select the new action when it is 
the right time to do so. The conditional 
probability of selecting the action when it is 
actually the right time is written r(U), where 
the likelihood of so doing depends on the 
structure of uncertainty, U = u(p,e). When 
this happens, the resulting gain in perfor- 
mance (compared to staying within the ini- 

- tial repertoire) is written g(e), which depends 
on how the environment affects the conse- 
quences from different actions. Similarly, the 
conditional probability of selecting the new 
action when it is actually the wrong time is 
written w(U), with consequent loss in per- 
formance of /(e). 

In the special case of no uncertainty, the 
new action would always be selected at the 
right time and never at the wrong time, so 
that r=1 and w = 0. In general, however, the 
presence of uncertainty will imply r <1 and 
w>Q, 
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We can intuitively measure the reliability 
of selecting a new action by the ratio r/w, 
which represents the chance of “correctly” 
selecting the action at the right time relative 
to the chance of “mistakenly” selecting it at 
the wrong time." Greater uncertainty will 
both reduce the chance of correct selections 
and increase the chance of mistaken selec- 
tions, thus causing the ratio r/w to drop (i.e., 
greater uncertainty reduces the reliability of 
selecting the new action). 

Note also that r(U) and w(U) are not 
assumed to be known to an agent. The rea- 
son is that uncertainty produces mistakes 
about distinguishing the right from the wrong 
conditions to select an action, which distinc- 
tion is necessary to determine the conditional 
probabilities of choosing an action under 
these two sets of conditions. For the same 
reason, the probability of the right situation 
to select an action, z(e) may also be un- 
known to an agent. Thus, it is not assumed 
that an agent can tell whether a mistake has 
been made; nor are we necessarily dealing 
with situations where an agent consciously 
decides when to select an action. Rather, the 
more general issue is whether some process 
— conscious or not—will cause (or prevent) 
an “alertness” or “sensitivity” to informa- 
tion that might prompt selection of an ac- 
tion. For example, when will a person de- 
velop an alertness to potential information 
about whether to choose a particular action, 
or whether to modify a previous behavior 
pattern; or when will instinctive mechanisms 
in an organism precondition a sensitivity to 
certain environmental stimuli, while simulta- 
neously blocking alertness to other potential 
stimuli. 


'7The probabilities r and w can also be interpreted 
using Type 1 and Type 2 errors used in statistical 
hypothesis testing. Let the null hypothesis represent the 
right situation to select an action (when it is more 
preferred); while the alternate hypothesis represents the 
wrong situation for selecting it. Thus, intuitively, Type 1 
errors represent excluded benefits from failing to respond 
under the right conditions, while Type 2 errors refer to 
included mistakes from still responding under the wrong 
conditions. If we let t; and z, denote the respective 
probabilities of these errors, they characterize r and w 
by r=1—4,, and w= t;. Thus, r equals one minus the 
chance excluded benefits, and w equals the change in 
included mistakes. 
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Now, with the above components, we can 
formulate an answer to the question posed 
earlier: when is the selection of a new action 
` sufficiently reliable for an agent to benefit from 
allowing flexibility to select that action. 

To answer this question we must de- 
termine whether the gains g(e) from selecting 
the action under the right conditions (when 
it is actually more preferred) will cumulate 
faster than the losses /(e) from selecting it 
under the wrong conditions (when it is actu- 
ally less preferred). Thus, combine the above 
elements in the following way. Right condi- 
tions occur with probability r(e), which are 
correctly recognized with probability r(U); 
so that the expected gain from allowing 
flexibility to select another action is 
g(e)r(U)a(e). Similarly, the expected loss 
conditional on allowing the action to be 
selected is /(e)w(U)(1— v(e)). Accordingly, 
gains will cumulate faster than losses if 
g(e)r (U)z(e) > l(ew(U)(1— v(e)) Hence, 
simple rearrangement yields the following 
Reliability Condition: 


r(U) 


l(e) 1- (e) 
w(U) : 


&(e) z(e) 





> 


The left-hand side of the inequality is a 
reliability ratio, r(U)/w(U), which measures 
the probability of “correctly” responding un- 
der the right circumstances relative to the 
probability of “mistakenly” responding un- 
der the wrong circumstances. The right-hand 
side of the inequality represents a minimum 
lower bound or tolerance limit (hereafter de- 
noted simply by T(e) = /(e)/g(e)x(1-— 
v(e))/7(e), which a reliability ratio must 
satisfy. That is, T(e) determines how likely 
the chance of selecting an action under the 
right conditions must be compared to the 
chance of selecting it under the wrong condi- 
tions before allowing flexibility to select that 
action will improve performance. 

We can intuitively interpret the ratio 
r(U)/w(U) as the “actual” reliability of 
selecting an action, in comparison to the 
minimum “required” reliability specified by 
the tolerance limit, T(e). The components of 
the Reliability Condition summarize a poten- 
tially complex set of relationships between 
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an agent’s repertoire and the structure of the 
environment.? Nevertheless, these relation- 


: ships boil down to a conceptually simple 


answer about when to allow flexibility to 
select an additional action: do so if the actual 
reliability in selecting the action exceeds the 
minimum required reliability necessary to im- 
prove performance. Stated in its simplest no- 
tational form, this answer amounts to the 
condition, r/w > T. 

The question which motivated this answer 
was phrased in terms of adding a new action 
to an agent’s repertoire. However, once the 
Reliability Condition has been obtained we 
can also apply it to a range of further issues 
about when to allow or ignore particular 
actions. For example, it can be applied to 
dropping actions from a repertoire; namely, 
retain only those actions which satisfy r/w 
> T compared to ignoring them. 

We can also think of the Reliability Con- 
dition as solving a "decision" problem in 
which an agent determines what information 
he will allow to influence his behavior; or 
alternatively, as a “design” problem in en- 
gineering the appropriate information sensi- 
tivity of an agent. For each possible action, 
the Reliability Condition must be satisfied 
before allowing potential information to 


33Both the agent’s repertoire and the environment 
may contain a large number of possibilities, and the 
consequences from selecting an action may vary with 
different environmental situations. This will also com- 
plicate how to measure an agent's performance. Regard- 
less of how performance is measured (for example, it 
may involve some kind of average over actions and/or 
environmental conditions), g(e) and /(e) still represent 
the gain or loss in performance from correct or mistaken 
selections, respectively; and r(U), w(U) still represent 
the conditional probabilities of these correct or mistaken 
selections. The probabilities r(U) and w(U) also result 
from a complex set of relationships that determine the 
source and likelihood of particular errors that interact to 
generate these probabilities. In addition, /(e) and g(e) 
may depend on an agent’s internal components, such as 
the morphological attributes of an animal. 

The objective of this paper is to develop only the 
bare essential modeling elements needed for a simple 
analytical solution, whose structure is invariant to the 
above-mentioned complications. In particular, the basic 
form of the Reliability Condition will remain the same. 
Much greater detail about the analytical structure, in- 
cluding extensive applications to economics and other 
fields, is now in progress. 
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prompt its selection. Those actions that can 
be guided with sufficient reliability are per- 
mitted; those that cannot are eliminated. In 
this way, an agent's outward behavior is 
determined by his response pattern to poten- 
tial information? 


. III. Four General Implications 


Now that we have the Reliability Condi- 
tion, its implications in four basic areas are 
briefly discussed. 


A. Uncertainty Generates Rules Which 
are Adapted Only to Likely or 
Recurrent Situations 


Note a simple but important feature of 
the tolerance limit. For any given //g ratio, 
the likelihood of wrong to right conditions, 
(1— 7)/7, increases for smaller 7; so that T 
also rises as the probability of right circum- 
stances a decreases (see Figure 1). Thus, an 
agent must be more reliable in selecting an 
action if the right situations for exhibiting it 
are less likely. Moreover, the required relia- 
bility quickly accelerates to infinity as the like- 
lihood of right situations drops to zero. Thus, 
for a given structure of uncertainty, U= 
u(p,e), which determines the reliability of 
selecting a particular action (ie, which 
determines the ratio r(U)/w(U)), the Relia- 
bility Condition will be violated for suffi- 
ciently small but positive, 7 (e) > 0. 

This intuitively means that to satisfy the 
Reliability Condition, an agent must ignore 
actions which are appropriate for only “rare” 
or “unusual” situations. Conversely, an 
agent’s repertoire must be limited to actions 
which ‘are adapted only to relatively likely or 
“recurrent” situations. Thus, a general char- 
acteristic of such a repertoire is that it ex- 


'9The relationship between information sensitivity 
and output complexity is also recognized in cybernetics; 
see Norbert Weiner, 1948, and W. Ashby, 1956. A 
reference in organizational behavior that refers to this is 
Barry Staw, Lana Sanderlands and Jane Dutton: “...a 
fundamental principle of cybernetics... , the number of 
output discriminations of a system (i.e., its behavioral 
repertoire) is limited by the variety of information inher- 
ent in its input” (1981, p. 517). 
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FIGURE 1 


The curve shows how the tolerance limit T(e) changes 
for a constant /(e)/g(e) ratio (in this case //g = 1) as 
the probability of right conditions 7 varies. Note how 
quickly T begins to rise as v drops below .25. The curve 
represents a boundary of minimum reliability that must 
be satisfied (i.e., 7/w >T) before responding to infor- 
mation will enhance an agent's performance. 


cludes actions which will in fact enhance 
performance under certain conditions, even 
though those conditions occur with positive 
probability, (e) > 0. We thus have a formal 
characterization of the pervasive association 
of both human and animal behavior with 
various connotations of “rule-governed” be- 
havior, such as instinct, habits, routines, rules 
of thumb, administrative procedures, cus- 
toms, norms, and so forth. All of these 
phrases refer to some type of rigidity or 
inflexibility in adjusting to different situa- 
tions as a universal qualitative feature of 
behavior. 

Therefore, since behavior patterns which 
satisfy the Reliability Condition must have 
this property, we will call them behavioral 
rules or simply rules. Note that we have been 
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able to derive the basic rigidity feature which 
justifies attributing to such behavior patterns 
the idea of rules. This contrasts sharply with 
the typical procedure of using the language 
of rules (often with the intent of suggesting 
certain connotations to .the reader), yet 
without really justifying from a more basic 
theoretical structure why such terminology is 
appropriate. 

If we use the jargon of standard econom- 
ics, rule-governed behavior means that an 
agent must ignore actions which are actually 
preferred under certain conditions. Thus, as 
intuitively suggested above, the resulting be- 
havior patterns are not an approximation to 
maximizing so as to always choose most 
preferred alternatives (i.e., behaving “as if” 
an agent could successfully maximize with 
no C-D gap). 

In general; rules restrict behavior to only a 
limited repertoire of actions. Such restric- 
tions do not assume an awareness of all the 
potential actions or information which are 
thereby implicitly ignored. Thus, no explicit 


decision about what potential actions to ` 


ignore is necessarily involved. 

An agent need only be capable of de- 
termining when to select particular actions 
from a limited range of allowable alterna- 
tives. To do so does not require an ability to 
understand why the resulting behavior pat- 
terns evolved. This is obviously the case for 
animals, where we do not expect them to 
have an “intellectual awareness” of why they 
are programmed to exhibit certain behavior 
patterns. Yet even for humans, the general 
characteristic will be an inability to articulate 
a full understanding of why particular behav- 
ior patterns have arisen. This is implied even 
though human behavior is much more flexi- 
ble than that of other species, and even 
though conscious mental processes are in- 
volved in most human behavior patterns.?? 

As a simple example involving human be- 
havior, consider the solving methods for 
Rubic's cube mentioned above in Section I. 


?' For related comments about the legitimacy of 
standard psychotherapy practices, see Donald Camp- 
bell’s 1975 presidential address to the American Psycho- 
logical Association. 
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The environment represents all of the differ- 
ent scrambled positions or “situations” which 
might eventuate on the face of the cube, of 
which there are over 43 trillion. If each situa- 
tion is produced by a simple random draw 
from the set of possible situations, the proba- 
bility 7 of the right situation (the appropriate 
scrambled position) arising for any particu- 
lar solving sequence is extremely low. As- 
suming the //g ratio (resulting from un- 
scrambling the cube in greater or lesser time, 
or number of moves) is not close to zero, the 
required reliability for selecting each of these 
sequences will also be very high. Without 
this ability, the repertoire of solving patterns 
must be severely restricted in order to satisfy 
the Reliability Condition, and structured so 
that their use is largely independent of 
particular scrambled positions (i.e., they are 
adapted only to the recurrent features of the 
environment). 


B. Selection Processes do not Simulate 
Optimizing Behavior 


Up to this point we have thought of 
performance simply in terms of an agent's 
"preferences" about the consequences of 
particular actions. Now generalize its mean- 
ing to represent any factor that determines 
whether behavior will continue or persist in 
the environment encountered by an agent. 
This might involve a preference evaluation, 
competition for profits or investment capital, 
or possibly biological determinants of physi- 
cal survival or reproductive probability. 
Whatever the interpretation, we can apply 
the Reliability Condition to determine when 
allowing flexibility to use potential informa- 
tion or to select actions will improve rather 


‘than worsen performance. 


Now suppose the actual process generat- 
ing behavior is an evolutionary process that 
tends to select relatively superior perfor- 
mance at any point of time. From what has 
already been derived, this implies that such 
selection processes will tend to produce 
rule-governed behavior that is not an ap- 
proximation to always selecting actions that: 
maximize performance. Thus, in general, 
evolutionary processes will not generate 
simulations to optimizing behavior. Rather, 
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they will tend to produce rules that sys- 
tematically restrict the flexibility of behavior 
compared to that which would be exhibited 
by a full optimizer in the absence of uncer- 
tainty. 

As mentioned earlier, this implication di- 
rectly contradicts one of the dominant justi- 
fications for assuming agents are able to 
optimize. Predictable behavior is not an “as 
if" simulation to optimizing, but rather will 
evolve only to the extent that agent's are 
unable to maximize because of uncertainty. 

Generalizing the meaning of performance 
also implies that we are not necessarily deal- 
ing with traditional economic agents, such as 
consumer, firm, worker, investor, etc. Rather, 
we can think of an agent as any system of 
interacting components. For example, a sys- 
tem might refer to biological entities such as 
individual organisms, species, ecological sys- 
tems, or possibly to subsystems within 

‘organisms studied in physiology or mo- 

lecular biology. Still other examples might 
be computers or other artificial cybernetic 
mechanisms. 

Whatever the interpretation, the Reliabil- 
ity Condition characterizes when to allow 
flexibility to use information or select actions 
applicable to that interpretation. For exam- 
ple, we might apply it to the following situa- 
tions: when is it the right time to unscramble 
Rubic’s cube by starting from a middle sec- 
tion rather than from one of its outer sec- 
tions; when is it the right time to purchase 
more of a particular commodity rather than 
other commodities; when is it the right time 
to search for additional price or quality in- 
formation about potential future purchasing 
decisions; when is it the right time for an 
animal to deviate from its usual foraging 
strategies for food; when is it the right time 
to cooperate by helping other individuals 
(i.e., when is it the right time to be “altruis- 
tic" rather than “selfish”);?! when is it the 
right time to modify genetic information to 
perpetuate traits acquired in the lifetime of a 


?'Hirshleifer uses “recognition coefficients” (which 
represent particular examples of the r(U) and w(U) 
probabilities) to determine the reliability of helping 
strategies in identifying other agents with altruistic traits 
(1982, pp. 26-29). See also W. D. Hamilton, 1964; John 
Maynard Smith, 1964; Robert Trivers, 1971. 
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particular organism (i.e., when is it the right 
time to use *Lamarkian" genetic transmis- 
sion);? or more generally, when is it the 
right time to use feedback from the environ- 
ment to modify behavior (i.e., when is it the 
right time to "learn"? 


C. Weak Selection Processes May Allow 
Dysfunctional Behavior to Persist 


The preceding discussion implicitly as- 
sumed that selection processes would quickly 
eliminate relatively inferior performers. If this 
is actually the case, the Reliability Condition 
implies the evolution of behavioral rules that 
appropriately structure and limit the flexibil- 
ity of behavior. The empirical examples that 
helped motivate the formal analysis also in- 
volved behavior produced in highly competi- 
tive conditions (ie., biological competition 
for survival between nonhuman agents; 
strategies to win at blackjack, or in prisoner's 
dilemma games, or in Rubic's cube contests; 
organizations competing in exchange en- 
vironments for profits or investment capital, 
etc.). 

On the other hand, what if there is some- 
thing about the environment that only slug- 
gishly weeds out worse performers, or which 
only infrequently produces situations that 
severely punish vulnerable behavior. This 
possibility is fundamentally important when 
genuine uncertainty exists, because there is 
no magical element (empirically or in theory) 
to guarantee that only appropriately struc-: 
tured behavior will evolve. Indeed, the core 
assumption is literally the absence of ability 
to decifer all of the complexity of the en- 
vironment; especially one whose very struc- 
ture itself evolves over time. 

Thus, consider an evolving world pro- 
duced through a mixture of selective pro- 
cesses. These processes will have varying de- 
grees of severity in reacting to differential 
performance between competing agents. Such 
a world will be a continual mixture of ap- 
propriately and inappropriately structured 
behavior. In some cases, weak selection 
processes may allow relatively dysfunctional 


22On the “irreversibility” of genetic translation, see 
Jacques Monod, 1972, pp. 104-17. 
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behavior to persist: possibly with worse aver- 
age performance than other agents; or with 
slowly dwindling performance over time; or 
with vulnerable performance that awaits only 
the next infrequent but severe test to chal- 
lenge its further persistence in the environ- 
ment. 

This is clearly a different view from trying 
to comprehend the world as continually 
tending toward optimizing behavior. Indeed, 
we may be able to explain major features 
about the structure, occurrence, and error 
patterns of dysfunctional behavior. Only one 
class of possibilities is mentioned here, and 
briefly reconsidered at the conclusion of this 
paper. In particular, we can analyze the pat- 
tern of vulnerable behavior arising from 
political institutions, especially in the form 
of dysfunctional complexity in trying to 
manipulate the outcomes resulting from ex- 
change competition. Specific instances of this 
issue have had a long history in economics 
about the scope of government regulation, 
and the debate over discretionary vs. rigid 
monetary policy.” 


D. Greater Uncertainty will Cause Rule- 
Governed Behavior to be More Predictable 


What is the effect of greater uncertain- 
ty on rule-governed behavior? In general, 
greater uncertainty (from either less reliable 
perceptual abilities or a more unpredictable 
environment) will both reduce the chance of 
recognizing the right situation to select an 
action, and increase the chance of not recog- 
nizing the wrong situation for selecting it. 
That is, greater uncertainty will both reduce 
r(U) and increase w(U), so that the reliabil- 
ity ratios, r(U)/w(U), of particular actions 
will drop. 


3Another area involves differences in productivity 
between U.S. and Japanese industrial firms, because of 
differential ability either to manage a complex internal 
use of inputs, or to adjust to volatile external marketing 
conditions (“just in time” rather than “just in case” 
inventory management; greater employee discretion in 
production line monitoring; longer promotion, invest- 
ment, and R&D planning horizons; etc.) See William 
Abernathy, Kim Clark, and A. Kantrow, 1981; Y. 
Mondon, 1981; Y. Sugimori, K. Kusunoki, and S. Cho, 
1977; R. Clark, 1979; Anthony Athos and Richard 
Pascale, 1981; William Ouchi, 1981. 
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AS these ratios drop, some of them may no 
longer exceed their respective tolerance limits, 
resulting in violations of the Reliability Con- 
dition. More violations will occur as uncer- 
tainty becomes more pervasive. Thus, greater 
uncertainty will cause behavioral rules to be 
more restrictive in eliminating particular ac- 
tions or response patterns to potential infor- 
mation. This will further constrain behavior 
to simpler, less sophisticated patterns which 
are easier for an observer to recognize and 
predict. Therefore, greatér uncertainty will 
cause rule-governed behavior to exhibit in- 
creasingly predictable regularities, so that un- 
certainty becomes the basic source of predict- 
able behavior. 

This is the most important implication of 
my analysis, one that has far-reaching impli- 
cations across a diverse range of fields. It 
also has important implications for how we 
have been trying to model behavior. It im- 
plies that genuine uncertainty, far from being 
unanalyzable or irrelevant to understanding 
behavior, is the very source of the empirical 
regularities that we have sought to explain by 
excluding such uncertainty.?^ This means that 
the conceptual basis for most of our existing 
models is seriously flawed. 

A major symptom of this has been the 
dominant tendency to model more complex 
decision problems by implicitly upgrading 
the competence of the agent to handle that 
complexity (so that traditional optimizing 
concepts can be used) For example, the 
number of decision alternatives or competing 
agents is increased, or complex probabilistic 
contingencies are introduced, or repercus- 
sions from future events are permitted, etc. 
Over the years this has resulted in the char- 
acterization of increasingly sophisticated, 


? The various authors that have emphasized the 
importance of uncertainty (for example, Frank Knight, 
1921; the Australian view typified by F. A. Hayek, 1967, 
and Israel Kirzner, 1973; the subjectivist views of 
G. L. S. Shackle, 1969, 1972; etc) have given the 
impression that genuine uncertainty and its effects can- 
not be represented with formal modeling tools. The 
approach suggested here is quite different: to harness 
the determinants of uncertainty in a modeling structure 
that characterizes regularity in behavior. Closely related 
ideas have also been recently analyzed by Richard 
Bookstaber and Joseph Langsam, 1983. 
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“optimal” behavior strategies, with little fruit 
in understanding observed behavior. 

This trend is typified by recent Bayesian 
models of optimal risk behavior, which are 
synonymous with sophisticated continually 
updated response to new information. Some 
examples are optimal “search” models that 
specify various sequential strategies for job 
search, price or quality information, etc.” 
Yet, they bypass the issue that overides ev- 
erything else: when to permit any search 
given the uncertainty in detecting whether 
the positive gains from efficient search 
strategies will outweigh the required search 
costs; especially when a diverse range of 
search opportunities might eventuate, and 
the timing of these future opportunities is 
also unknown. 


IV. Explaining Predictable Behavior: 
Framework and Illustration 


The reliability theory briefly outlined 
above can be applied to the full spectrum of 
cases produced by different structures of un- 
certainty. It thus represents a general frame- 
work for analyzing behavior under all of 
these possibilities. On the other hand, stan- 
dard choice theory analyzes the special case 
where there is no uncertainty due to a C-D 


gap." 
The narrowness of standard optimizing 
concepts is evidenced in the dominant tend- 


?5See, for example, David Blackwell and M. A. 
Girshick, 1979; Thomas Ferguson, 1967; Peter 
Diamond and Michael Rothschild, 1978; Stephen 
Lippman and John McCall, 1979; Hirshleifer and 
John Riley, 1979. 

?ÓThis conclusion also applies to the more recent 
models of behavior under uncertainty, which assume 
agents can infer reliable probabilities of future situa- 
tions; and also recognize all possible events that might 
eventuate, or possible actions that might be useful to 
select. Such ability to comprehend the future is much 
more difficult than avoiding computational mistakes in 
a static world of known utility information over a fixed 
set of options. Consequently, these models are not mov- 
ing closer but rather further away from dealing with 
genuine uncertainty due,to a C-D gap. The reason is 
that in order to apply traditional optimizing concepts, 
the competence of the agent has been implicitly upgraded 
to handle the extra complexity resulting from an unpre- 
dictable future. On this issue, see the closing remarks of 
John Hey, 1979, pp. 232-34. 


HEINER: ORIGIN OF PREDICTABLE BEHAVIOR 571 


ency (even after years of extensive experience 
with conventional models) to steer away from 
incorporating genuine uncertainty into the 
analysis of behavior.”’ In contrast, the Relia- 
bility Condition directly harnesses the 
determinants of uncertainty to characterize 
regularity in behavior. This amounts to a 
reversal of the explanation assumed in stan- 
dard economics, which places these determi- 
nants in the residual “error term” between 
observed behavior and the more systematic 
patterns claimed to result from optimization. 

Thus, the idea of uncertainty as the source 
of predictable behavior is both a generaliza- 
tion and a major shift away from the ex- 
planatory framework of existing models, one 
that may be of importance to a number of 
fields. The following statements briefly sum- 
marize the major differences between the 
new framework (the economics of genuine 
uncertainty) and that of traditional optimiza- 
tion theory: 

1) The basic theoretical objective is to 
understand the behavioral implications of 
genuine uncertainty, rather than the impli- 
cations of maximizing for a given set of 
preferences or expectations. Genuine uncer- 
tainty results from a gap in an agent’s deci- 
sion competence relative to the difficulty in 
selecting more preferred alternatives, so that 
error and surprise cannot be avoided. 

2) A wide range of factors contribute to 
uncertainty. In economics, these include 
cognitive’ limitations in processing given 
information or in interpreting potential in- 
formation from the environment; vulnerable 
perceptions about preferences or expec- 
tations taken as given in traditional choice 
models; unreliable probability or expected 
utility information taken as given in stan- 
dard risk-behavior theory. In addition, un- 
certainty may involve the ability to infer 
from past experience what was misunder- 
stood that led to previous error; or the abil- 


27For example, a recent statement by Lucas flatly 
concludes: “In situations of risk, the hypothesis of 
rational behavior on the part of agents will have usable 
content, so that behavior may be explainable in terms of 
economic theory... . In cases of uncertainty, economic 
reasoning will be of little value” (1981, p. 224; see also 
p. 223). ; 
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ity to identify potential actions which might 
be selected, or contingencies that might af- 
fect the consequences of future behavior.” 

3) Optimizing with no uncertainty in 
choosing more preferred alternatives does not 
tend to produce systematic and stable regu- 
larity in behavior. Rather, it tends to destroy 
such regularity as successively more informa- 
tion can be reliably interpreted in guiding 
more complex behavior. This does not mean 
that formal optimization tools cannot be 
used, but rather that understanding how un- 
certainty affects behavior will systematically 
redirect the formulation of models and the 
questions to which they would be applied. 

4) Predictable regularities of behavior 
are the manifestation of behavioral rules that 
represent patterns of behavior for which de- 
viations exist that are preferred under certain 
conditions, but which are nevertheless ig- 
nored because of uncertainty in reliably in- 
terpreting potential information about when 
to deviate. 

5) Intrinsic to behavioral rules is the 
ignoring or lack of alertness to potential 
information, the reaction to which would 
direct behavior into more complex deviations 
from such rules; even though such informa- 
tion may be costless to observe. Conversely, 
it is the alertness or sensitivity to informa- 
tion that determines the patterns and com- 
plexity of rules manifested in behavior. The 
Reliability Condition is a simple but general 
characterization of when greater flexibility to 
administer more complex behavior or to use 
more information will improve rather than 
worsen performance. 

6) Behavioral rules not only involve out- 
ward symptoms of information sensitivity, 
but also internal mechanisms that generate 
such sensitivity. Thus, research in fields such 
as psychology, biology, and engineering has 


8The latter determinants have recently been 
described as particular types of uncertainty, such as 
parametric versus structural knowledge by Richard 
Langlois (1983) and “extended” uncertainty by Book- 
staber and Langsam. They are extensions of the “unlist- 
ability problem” introduced by Shackle (1972). Whatever 
terminology or type of uncertainty is involved, we can 
characterize regularity in behavior depending on how 
each type of uncertainty affects the reliability of using 
information or selecting potential actions. 
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direct bearing on the structure of such rules. 
In contrast, traditional economic models have 
largely ignored research in these and other 
fields. 

To help see the range of issues unified by 
the above analytical framework, a few illus- 
trations are briefly presented. 


A. The Consistency of Rule-Governed 
Behavior 


Traditional choice theory has tended to 
equate normative rationality with logical 
consistency of behavior, as described by vari- 
ous transitivity, intertemporal consistency, 
probability assessment, and other assumed 
conditions. For example, Jacques Dréze pro- 
vides the following evaluation of the risk 
behavior axioms of standard expected utility 
theory: v. 


...à consistent decision-maker is as- 
sumed always to be able to compare 
(transitively) the attractiveness of acts, 
or hypothetical acts and of conse- 
quences as well as the likelihood of 
events. These requirements are minimal, 
in the sense that no consistency of be- 
haviour may be expected if any one of 
them is violated; but they are very 
strong, in the sense that all kinds of 
comparisons are assumed possible, many 
of which may be quite remote from the 
range of experience of the decision- 
maker. This is also the reason why the 
axioms have more normative appeal 
than descriptive realism; few people 
would insist on maintaining, conscious- 
ly, choices that violate them, but their 
spontaneous behaviour may frequent- 
ly fail to display such rigorous con- 
sistency. 

[1974, p. 11, emphasis added] 


Dréze is quick to acknowledge and discount 
the descriptive validity of the expected utility 
axioms, but like many others he still feels 
secure in their normative validity in char- 
acterizing truly rational behavior under un- 


_ certainty. Nevertheless, one might ask what 


2See, for example, John von Neumann and Oskar 
Morgenstern, 1944, pp. 17-30; L. J. Savage, 1954, pp. 
6-7, 19-21, 56-68, 82-84; Friedman and Savage, 1948. 
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would be the implication of a logically cor- 
rect set of axioms (or a décision algorithm 
for search and learning behavior) if obeying 
those axioms (or using the algorithm) would 
` require the use and sensitive response to unre- 
liable information (for example, information 
remote fróm 'the range of experience of a 
decision maker)? To the extent this is the 
case, rule-governed behavior will ignore such 
axioms (or a decision algorithm) regardless 
of the logical properties violated in disobey- 
ing them.*° Similar issues apply to tradi- 
tional microeconomic theory. For example, 
what if preferences are less reliable for com- 
modity bundles remote to a consumer's nor- 
mal purchasing experience? Must we avoid 
this likely possibility in assuming fully con- 
nected preferences? Or is the violation of this 
assumption itself a major source of. price- 
response regularities of consumers? 


B. Social Institutions Evolve Because 
of Uncertainty ` 


Neoclassical decision and general equi- 
librium models are typically without any ex- 
plicit institutional structure, and have thus 
tended to direct attention away from ques- 
tions about the evolution of particular forms 
of market organization and other social in- 
stitutions.*! In contrast, the Reliability Con- 
dition naturally suggests the systematic im- 
portance of such institutions to determine 


See Paul Slovic and Amos Tversky, 1974, Slovic 
and Sarah Lichtenstein, 1983; Dirk Wendt, 1975; D. 
Conrath, 1973; Detlof Winterfeldt, 1980; and for sys- 
tematic empirical evidence see Daniel Kahneman and 
Tversky, 1979, 1981, 1982; Ward Edwards, 1962; 
William Fellner, 1961; R. M. Hogarth, 1975. Some 
recent attempts to modify standard expected utility 
theory by dropping the “independence” or “substitu- 
tion” axiom include Mark Machina, 1982 (equivalence 
relationships to global risk-aversion axioms); Graham 
Loomes and Robert Sugden, 1982, 1983 (regret theory); 
and S. H. Chew and K. R. MacCrimmon, 1979a, b; 
Peter Fishburn, 1981; R. Weber, 1982 (alpha-utility 
theory). 

31See the following diverse range of analytical per- 
spectives, including Alchian, 1950; James Buchanan, 
1975, 1977; Buchanan and H. G. Brennan, 1981; Ronald 
Coase, 1937; Carl Dahlman, 1980; Demsetz, 1967; 
Hayek, 1967, 1973; Menger, 1871, 1883; Nelson and 
Sidney Winter, 1982; Andrew Schotter, 1981; Joseph 
Schumpeter, 1942; Oliver Williamson, 1975, 1979, 1981. 
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the scope and complexity of exchange rela- 
tionships, and other social interactions in- 
volving cultural norms, customs, and aggres- 
sive behavior. 

In this regard, it is noteworthy that 
Schotter's recent book on the theory of in- 
stitutions defines them in a manner im- 
mediately implied by the Reliability Condi- 
tion: *A social institution is a regularity in 
social behavior that...specifies behavior in 
specific recurrent situations, and is either 
self-policed or policed by some external 
authority" (p. 11). 

Thus, evolved institutions are social rule- 
mechanisms for dealing with recurrent situa- 
tions faced by agents in different societies. 
That is, institutions are regularities in the 
interaction between agents that arise because 
of uncertainty in deciphering the complex 
interdependencies created by these interac- 
tions.*? I will return to this topic in Section 
V below, which considers the evolution of 
legal and exchange institutions. 

A persistent theme in human literature 
illustrates a closely related issue that has 
been largely ignored by traditional choice 
theory; namely, the attempt of individuals to 
constrain or bind the flexibility of their ac- 
tions. A famous example in The Odyssey 
describes Ulysses trying to prevent himself 
from responding to the allurement of certain 
sirens: *...but you must bind me hard and 
fast, so that I cannot stir from the spot where 


32Consider a person within a complex interdepen- 
dent society, where uncertainty in deciphering these 
interdependencies quickly increases as they widen be- 
yond his immediate experience. The Reliability Condi- 
tion implies that his behavior will quickly become insen- 
Sitive to nonlocal social contingencies. If among such 
contingencies are effects on other individuals, this im- 
plies a relatively sensitive or “self-interested” motiva- 
tion toward a person’s own self (and family), and away 
from alertness or “sympathy” toward other persons. 
This implication underlies the ideas Adam Smith devel- 
oped in the Theory of Moral Sentiments, published prior 
to the Wealth of Nations. See Coase (1976) for a number 
of passages from the Theory of Moral Sentiments; for 
example, Smith, 1969, pp. 321-23, 347-48, 109-10. 

33See John Elster, 1979; R. H. Strotz, 1955; and N. 
Howard, 1971. Another classic moral dilemma of great 
literature poses the protagonist in a situation with 
abnormally convincing information that "right circum- 
stances" are at hand to engage in behavior precluded by 
social or religious norms. 
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you shall stand me...and if I beg you to 
release me, you must tighten and add to my 
bonds." 


C. Uncertainty and the Reliability 
of Expectations 


Both past and present economic models 
are crucially dependent on how they incor- 
porate expectations in guiding behavior. 
Economists have been aware that beliefs 
about the future are often mistaken, and thus 
have been uneasy in both formulating and 
applying their models.** More recently, “ra- 
tional expectations" models have attempted 
to resolve these problems by assuming that 
expectations correctly identify the mean and 
' variance of stochastic variables that affect 
future environmental contingencies.” A key 
motivation for such models is to predict how 
“optimal” behavior will respond to changes 
in the structure of the environment, espe- 
cially changes influenced by government 
policy. Yet, from a broader perspective, it is 
clear that most species that have evolved in 
nature exhibit relatively programmed behav- 
ior patterns that are highly insensitive to 
environmental changes, even if such rigidity 
results in their extinction. At best, such mod- 
els could apply more broadly only by contin- 
ually introducing specializing assumptions 
about the type of expectation *rationality" 
guiding the behavior of particular species. 

Thus, in all of our existing models, either 
we are analyzing the maximizing response to 
possibly wrong expectations, or we avoid this 
issue by assuming expectations are reliable. 
In order to make progress in analyzing the 
role of expectations, we must understand 
how their use and formation are affected by 
genuine uncertainty in comprehending the 
future. For example, how reliable are agents' 
abilities to formulate beliefs about the fu- 
ture; and given the vulnerability of such 
beliefs, when will agents sensitively react to 
them, or when will they be alert to informa- 
tion that might prompt them to revise them? 


3^See John Hicks, 1935; Richard Muth, 1961; Axel 
Leijonhufvud, 1968, pp. 366-85, Rudiger Dornbusch 
and Stanley Fischer, 1978, pp. 270-75, 283-86. 

35See for example, Thomas Sargent, 1979, and Lucas, 
1981. 
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D. The Pattern of Behavioral Complexity 
Evidenced in Nature 


My departure from standard choice theory 
was suggested by the general pattern of 
animals having a larger C-D gap than hu- 
mans, yet regularity in their behavior is much 
more noticeable than for humans. The Relia- 
bility Condition implies a simple formal 
characterization of this overall pattern. Sup- 
pose we start with a given combination of 
the p and e variables, and consider a concep- 
tual experiment where the e variables are 
held fixed, but the perceptual abilities of an 
agent are successively reduced compared to 
their initial effectiveness. This will increase 
the uncertainty in administering the initial 
behavioral repertoire, thus reducing the relia- 
bility ratios of particular actions. As already 
discussed, greater uncertainty will in general 
require a more inflexible structure of rules; 
that is, some of the actions in the initial 
repertoire must be excluded because their 
selection no longer satisfies the Reliability 
Condition. 

Now apply this result to us as human 
observers watching other species with less 
reliable cognitive equipment than ourselves. . 
We should notice a systematic pattern of 
greater rigidity and inflexibility in non- 
human species compared to our own behav- 
ior. This implication is testable to the extent 
that the effectiveness of different species’ 
cognitive abilities can be independently mea- 
sured from simply watching outward behav- 
ior (for example, relative brain to body mass). 
In addition, if we compare across a number 
of species, there should emerge a general 
pattern that correlates greater rigidity in be- 
havior with less effective cognitive equip- 
ment.?6 

These implications characterize a perva- 
sive qualitative pattern, one that is systemati- 
cally evidenced in the comparative study of 
different species. Yet, they were obtained in 
a very simple way from the Reliability Con- 
dition. This is a significant indication that we 
are on the right track in understanding be- 


For analysis of some of the more rigid, “forced” 
behavior movements of simple.organisms, and other 
major instinctive patterns, see Roger Brown and Richard 
Herrnstein, 1975, pp. 23-31. 
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havior, especially in developing a modeling 
structure that naturally suggests the very 
consideration of such questions. 


E. Explaining Instinctive Behavior 


The currently accepted explanation of in- 
stinctive rigidities is that they accomplish 
some function which is useful or adaptive 
most of the time for the natural environ- 
ments in which they are exhibited?" But as 
already discussed, this feature is itself im- 
plied by the Reliability Condition; namely, 
that rule-governed behavior will ignore ad- 
justment to unlikely contingencies, thus 
limiting response patterns to only the more 
probable or recurrent features of the en- 
vironment. A number of implications con- 
cerning ecological structure, niches, extinc- 
tion, etc., can also be derived (rather than 
simply described or assumed) from the anal- 
ysis. 

Explanation of specific behavioral rigidi- 
ties can be obtained by using the Reliability 
Condition, r/w>T, with explicit variables 
and assumptions about an organism's per- 

_ceptual components (p) in terms of the 
sensory (s) and cognitive (c) attributes of 
particular organisms. In addition, we can 
introduce morphological (m) attributes of 
organisms, along with the environmental 
variables (e) which determine the structure 
of the environment. By understanding how 
these variables (denoted z = (s, c, m, e)) affect 
the reliability and tolerance limit compo- 
nents of the model, particular rule structures 
can be derived and compared with observed 
behavior of different organisms (including 
humans). 


F. Brief Application to Imprinting 


Consider very briefly the phenomenon of 
imprinting.?? Suppose that responding to a 


"The classic reference on instinct is Nino Tinbergen, 
1951 (for example, pp. 151—84, especially 156-57 and 
152—53). Other references include John Alcock, 1979, 
pp. 57-76, 87-102; Brown and Herrnstein, 1975, pp. 
31-59; William Keeton, 1980, pp. 490—512, especially 
503, 494, 496, 498; Eric Pianka, 1978, pp. 82—86, 152-53. 

38See Alcock, 1979, pp. 67-73; Keeton, 1980, pp. 
498—500; Konrad Lorenz, 1981, pp. 259, 275-87; David 
McFarland, 1982, pp. 303-05; W. R. Hess, 1973. 
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particular pattern in the environment is cru- 
cial to an organism's survival (for example, 
following its parents) Suppose also that 
without highly developed cognitive mecha- 
nisms, if the organism did not initially know 
the particular pattern, then it could not reli- 
ably distinguish that pattern from a number 
of similar patterns (ie, a newly born 
organism could not reliably distinguish its 
parents from similar adults); but given a 
specific reference pattern to “lock onto," it 
can reliably distinguish it from other similar 
patterns. However, if the wrong pattern is 
locked onto, the organism's survival would 
be severely jeopardized. 

In particular, the probability of right cir- 
cumstances 7 to lock onto a pattern is often 
a function of time since an organism's birth 
(for example, w(t) is the chance of seeing 
only an organism's parents at time ¢ since 
birth). Recalling that the required reliability 
(i.e., the tolerance limit T) will quickly in- 
crease as 7 drops to zero, we can derive the 
following two-stage behavioral process: stage 
one is a pattern-locking mechanism that re- 
acts to whatever pattern first appears after 
the mechanism is initiated; while stage two is 
a resistance mechanism that severely con- 
strains stage one to only certain sensitive 
periods for which the required reliability is 
very low (i.e., v (t) is close to 1.0). 

It can further be shown that the implied 
sensitive periods will be highly predictable 
across particular organisms of a species. In 
addition, comparative regularities across 
species in relatively sensitive learning periods 
can be derived. For example, we can char- 
acterize less rigidly patterned sensitivity 
phases in the development of human children 
in acquiring language, and the display of 
other cognitive skills.?? 


G. Punctuated Dynamics for Scientific 
Inquiry 


The work of Thomas Kuhn (1962) (see 
also Popper, 1969; Lakatos and Musgrave, 


33See for example, Alcock, 1979, pp. 73-79; E. Mavis 
Hetherington and Ross Park, 1979; R. Grinder, 1962; 
Lawrence Kohlberg, 1966, 1969; N. Chomsky, 1972; J. 
Piaget, 1947, 1952. For related material from ethology, 
see Lorenz, 1981. 
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1970) has emphasized a systematic pattern of 
resistance in the behavior of scientists to 
quick and sensitive reaction to new ideas and 
theories. Yet, when sufficient anomalies and 
awkwardly interpreted evidence about a pre- 
vious theory build up, a major shift in ideas 
(a "scientific revolution") will relatively 
quickly occur. This is an illustration of dy- 
namic properties discussed below in Section 
VI. The Reliability Condition also implies 
other features in the behavior of scientists, 
such as: (a) resistance to accepting or using 
several competing theories unless there also 
exist easy to decipher (and reliable) criteria 
of when to switch between them; (b) similar 
resistance to incorporating new concepts or 
variables into accepted theories unless reli- 
able criteria on how to use them are avail- 
able (consider an economist's reaction to 
incorporating sociological variables into eco- 
nomic models); (c) differences in accepting 
and rewarding (salary, promotion, etc.) theo- 
retical vs. empirical research in different 
fields depending on the reliability of ob- 
servable data studied in those fields (for 
example, see Leijonhufvud’s 1973 parody 
about “Life Among the Econ”).” 


H. Uncertainty and Consensus in 
Social Judgments 


Finally, in the area of ethics and social 
policy, consider the theory of justice ad- 
vanced by John Rawls (1971). Underlying 
his whole analysis is the recognition that if 
individuals have reliable information about 
their own future circumstances (will they be 
smart or resourceful, or have special educa- 
tional opportunities, or own highly valued 
property, etc.), they will respond to such 
information in the way they view social 
policies and institutions that would affect 
their particular situations.*! This will pro- 
duce a wide diversity of opinions about how 


“Edward Leamer’s work (1978) illustrates another 
issue about the reliability of model testing and formula- 
tion, which can be viewed as methodological rule-mech- 
anisms to restrict “specification searches” used to claim 
empirical support for a theory. See Thomas Cooley and 
Stephen LeRoy (1981) for an application of Leamer's 
methodology to evaluating previous work on the de- 
mand for money. ` 

4lSee Rawls, 1971, pp. 18-19, 137—38, 140, 149. 
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to formulate and apply normative principles. 
Hence, in order to produce a highly uniform 
consensus or regularity in social judgments, 
Rawls introduced a pervasive uncertainty 
into the conceptual problem in the form of a 
* veil of ignorance." Such a procedure virtu- 
ally eliminates reliable information (even in 
probabilistic form) about any particular indi- 
vidual's specific future circumstances that 
might eventuate depending on what princi- 
ples are mutually agreed to by the whole 
group.” With a sufficient structure of uncet- 
tainty, individual judgments might be con- 
strained to possibly a single, universally 
accepted principle of justice to guide social 
policy. 

The important point is that the source of 
such a universal consensus, as well as the 
other behavior patterns discussed above, is 
uncertainty in using potential information 
about when to deviate from these regulari- 
ties. 


V. Application to Economic Modeling 
In this section, the Reliability Condition is 
briefly applied to a few modeling issues in 


standard economics. 


A. Reluctance to Insure Against 
Rare Disasters 


Extensive empirical studies have shown 
that people are reluctant to insure themselves 


against large but rare disasters, in a manner 


that directly contradicts expected utility the- 
ory (see Howard Kunreuther et al., 1978). A 
recent statement by Kenneth Arrow sum- 
marizes the dilemma posed for standard 
“uncertainty” theory: 


A striking real life situation has given 
grounds for doubt about the validity of 
the expected utility hypothesis. Since 
1969, the U.S. government has offered 
flood insurance at rates which are well 
below their actuarial value... Under the 
usual hypothesis of risk aversion, any 


See Rawls, 1971, pp. 150, 154-55. Notice in these 
passages how Rawls believes that a crucial feature of the 
veil of ignorance is the inability to formulate reliable 
probability information about the impact of social con- 
tingencies on particular individuals. 


VOL. 73 NO. 4 


individual should certainly be willing 
to undertake a favorable bet.... Yet, 
until the government increased the 
pressure by various incentives, very few 
took out this insurance.... The main 
distinguishing characteristic of those 
who took out flood insurance was 
acquaintance with others who took out 
insurance. This might be taken as an 
explanation in terms of information 
costs, but the information seems so easy 
to acquire and the stakes so large that 
this hypothesis hardly seems tenable. 
[1981, p. 2] 


In contrast, the above analysis immediately 
suggests that even costless information will 
be ignored if the behavior resulting from its 
use will not satisfy the Reliability Condition, 
(recall that solving procedures for Rubic's 
cube systematically ignore costless informa- 
tion available simply by looking at the cube 
while unscrambling it). The real issue is why 
are agents reluctant to engage in behavior 
that might be prompted by such information. 

Consider a brief sketch of the insurance 
behavior phenomenon. As the probability, p, 
of a disaster goes to zero, the number of such 
extremely rare but conceivable events grows 
indefinitely large. Given any positive setup 
costs of insuring against each of these possi- 
bilities, the total insurance cost will eventu- 
ally exceed a person's (finite) wealth. Thus, it 
is clearly not appropriate to insure against 
all of them. (What do we call someone who 
is constantly trying to protect against rare 
but serious sickness; and what would happen 
to total output net of the demand for medi- 
cal services if everyone exhibited this pro- 
pensity?) 

The above argument implies that the prob- 
ability of the right time to insure, 7, is 
bounded by the ratio of a person's wealth to 
total insurance cost; so that v approaches 
zero as p approaches zero. Thus, the required 
reliability will steeply rise for sufficiently 
rare disasters (i.e., the tolerance limit T will 
begin to accelerate toward infinity as p ap- 
proaches zero— see Figure 1).*7 Note also 


S Consider also very briefly the behavior of the //g 
ratio of the tolerance limit. The loss / will be a negative 
function of the expected value of the disaster losses 
(denoted E(p)) relative to the expected value of the 
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that rare events are precisely those which are 
remote to a person's normal experience, so 
that uncertainty in detecting which rare dis- 
asters to insure against increases as p ap- 
proaches zero. Such greater uncertainty will 
reduce the reliability of insurance decisions 
(1.e., reduce the ration r/w) as disasters be- 
come increasingly remote to a person's nor- 
mal experience. 

As a result of the above factors, the re- 
quired reliability of when to insure increases 
Sharply just when the actual reliability is 
dropping. Thus, at some point as p ap- 
proaches zero, the Reliability Condition will 
be violated (i.e., T will rise above the falling 
r/w ratio). This implies people will switch 
from typically buying to typically ignoring 
insurance options, which is just the pattern 
documented in Kunreuther's 1978 study. 

We can also show that after a person 
switches to ignoring insurance, he will be 
very reluctantly convinced to insure by any 
information source, except those local to his 
normal experience (for example, a neighbor, a 
relative, or an “acquaintance” as suggested 
in the above quotation). Note further that 
ignoring insurance does not necessarily mean 
a person consciously decides to ignore all the 
various potential insurance options— either 
those obtainable by contacting an insurance 
agent, or many other ones for which no 
market insurance is available. 

This is a simple example of a more general 
implication: agents will only become alert or 
sensitive to information about options whose 
selection is reliable; or conversely, they will 
fail to become aware of information about 
options whose selection is unreliable. Another 
example of selective alertness to information 
is the use (or disuse) of marginal cost infor- 
mation to make production decisions, dis- 
cussed next. 


insurance costs (denoted C( p)); that is, / is a negative 
function of E( p)/C( p) ^ v( p), denoted /(v( p)). Simi- 
larly, g is a positive function of v( p), denoted g(v( p)). 
Now think of a sequence of actuarily fair or “pure” 
insurance options for which v(p) = 1. If the estimated 
v( p) is close to zero, then the //g ratio will not deviate 
substantially from /(1)/g(1). When this result is coupled 
with a steeply rising (1— v( p))/«( p) ratio as p — 0, we 
have the same acceleration implied for T( p) = /(1)/g(1) 
X(1— a(p))/7(p). 
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B. Spontaneous Alertness to Marginal 
Cost Information in Simple 
Production Environments 


A memorable episode in the history of 
economics was the marginalist controversy 
about whether businessmen use marginal cost 
calculations to guide their production deci- 
sions. The debate prompted Alchian to write 
*Uncertainty, Evolution, and Economic 
Theory" (1950). This was the article that first 
explicitly justified optimization theory as an 
explanatory tool to predict the outcome of 
selection processes (ie. selection processes 
will produce simulations to optimizing be- 
havior, which claim is contradicted by the 
above analysis). Regardless of how one views 
this debate, it is clear that businessmen typi- 
cally do not use or are even aware of the 
kinds of marginal calculations discussed in 
standard production theory (this lack of 
awareness is itself an empirical regularity). 
But what would happen in a relatively simple 
production environment in which such infor- 
mation could be readily monitored and used 
with little uncertainty in directing produc- 
tion decisions? 

The Reliability Condition implies the 
spontaneous development (without any spe- 
cial training in economic theory) of alertness 
and sensitive reaction to marginal cost infor- 
mation for sufficiently simple production en- 
vironments. This will not be the usual situa- 
tion, but are there cases that would naturally 
fit this hypothesis? An example is sum- 
marized in the following passage from 
Hirshleifer's price theory text: 


Electricity is typically generated by 
companies that operate a number of 
separate producing plants, with a 
transmission network providing con- 
nections to consumers as well as ties 
among the generating plants...the op- 
erating problem at any moment of time 
is to assign output most economically 
among the generating plants... . 

Fred M. Westfield investigated the 
operating practices of a leading Amer- 
ican electric utility. He discovered that 
this company employs a dispatcher to 
actually "assign the load" from mo- 
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ment to moment among the different 
plants. The dispatcher is guided by a 
Station-Loading Sliderule that shows 
what the economist would regard as 
the Marginal Cost function of each 
plant. By mechanically manipulating 
his Sliderule, the dispatcher automati- 
cally equates Marginal Cost for all 
plants in operation in such as way as to 
meet the total generation require- 
ment.... 

The company’s method of division of 
output, and the Sliderule itself, were 
developed by engineers lacking the 
slightest acquaintance with economic 
theory. The company’s engineers thus 
independently “discovered” Marginal 
Cost analysis....  [1980, pp. 286-87] 


The engineers did not discover marginal cost 
analysis, but rather developed a way of react- 
ing to what we as economists would call 
marginal cost information. Nevertheless, the 
development of a Station-Loading Sliderule 
is confirming evidence for the hypothesis of 
spontaneous sensitivity to marginal cost in- 
formation in simple production environ- 
ments. On the other hand, within standard 
price theory, it can only represent an isolated 
special case that illustrates a clearly notice- 
able use of such information. 


C. Uncertainty Implies “Corridor” 
Dynamics for Macroeconomic Shocks 


A major issue in macroeconomic theory 
has a direct parallel with the insurance be- 
havior phenomenon discussed above. Instead 
of deciding whether to insure against various 
natural disasters, think of a repertoire of 
activities to prepare for the negative effects 
of macroeconomic “shocks”; or more gener- 
ally, anything that produces a coordination 
failure in an economic system. 

When will an economic system evolve so 
as to “self-insure” against these potential 
sources of unemployment and other symp- 
toms of coordination failure? Costly shock- 
preparation activities are beneficial if they 
are appropriately timed to mitigate the ef- 
fects of a shock, but otherwise there is a loss 
from the reduction in output otherwise at- 
tainable. 


——— 
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Now suppose, analogous to the insurance 
case, that there are different types of shocks, 
some more severe than others; where larger 
shocks are possible but less and less likely to 
happen. In addition, the reliability of detect- 
ing when and how to prepare for large shocks 
decreases as their determinants and repercus- 
sions are more remote to agents normal 
experience. 

In a similar manner to that discussed for 
the insurance case, we can derive that the 
economy's structure will evolve so as to pre- 
pare for and react quickly to small shocks. 
However, outside of a certain zone or “cor- 
ridor" around its long-run growth path, 
it will only very sluggishly react to suffi- 
ciently large, infrequent shocks. This is es- 
sentially the “corridor hypothesis" for mac- 
roeconomic systems recently advanced by 
Leijonhufvud (1981, pp. 103-29). 

In this paper, I have not gone into the 
specific microprocesses involved (individual 
agent behavior, intra- and intermarket struc- 
tures, transmission mechanisms, etc.). Never- 
theless, even without adding more specific 
assumptions we can still derive this general 
qualitative feature as a necessary conse- 
quence of uncertainty. Standard. economic 
theory has been unable to do so, as sum- 
marized by Leijonhufvud: 


... general equilibrium theorists have at 
their command an impressive array of 
proven techniques for modelling sys- 
tems that “always work well”. Keynes- 
ian economists have experience with 
modelling systems that "never work". 
But, as yet, no one has the recipe for 
modelling systems that function pretty 
well most of the time but sometimes 
: work very badly to coordinate eco- 
nomic activities. [1981, p. 103] 


D. A Clear Prediction of the Law of Demand 


Suppose consumers do not have well- 
defined preference relations, but instead must 
deal with uncertainty in trying to detect when 
to buy more or less of particular commodi- 
ties. Myriad “internal” perceptual and “ex- 
ternal” environmental factors come together 
to determine the relative value of particular 
commodities. In a prospective sense, there is 
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no reliable information to compare all the 
margins of choice to calculate the most pre- 
ferred response for each future situation. 
Rather, consumers must try to react ap- 
propriately to various influences that might 
prompt them to purchase more of particular 
commodities. 

Now suppose the price of a commodity x 
rises. In order to benefit from continued 
purchases, the actual value of successive units 
of the commodity must exceed the now higher 
opportunity cost implied from the price in- 
crease. The likelihood of this situation aris- 
ing is less than before, given the same struc- 
ture of motivational influences affecting the 
value of x. Thus, the probability 7 of the 
right situation to buy more x is smaller. For 
the same reason, even when the right situa- 
tion arises, the average excess of actual value 
over the higher price of x (denoted g) is less 
than before. In addition, the average loss 
from purchasing more x at the wrong time 
(denoted /) is now higher than before the 
price of x went up. Each of these factors will 
increase the required reliability for purchas- 
ing x (i.e., the tolerance limit for purchasing 
x, T — (I/gY1 — 7)/7, will rise). 

Given that T has risen, how is the consumer 
to change his behavior to be more reliable in 
purchasing x? A general answer is suggested 
in an extensive literature in behavioral psy- 
chology about signal detection experiments.“ : 
The earliest experiments were similar to 
hearing tests where a person tries to detect 
the presence of a signal amid background 
noise (over a sequence of trials where the 
signal's occurrence is randomly distributed). 
A variety of other detection skills have been 
tested, which involve pattern recognition 
situations and various information process- 
ing and other cognative skills. All of the 
experiments exhibit a key feature: a person 
can increase the reliability of his detection 
behavior only by being more cautious in 
detecting the signals. That is, greater reliabil- 
ity requires a person to reduce the probabil- 


^ See David Green and John Swets, 1974; James 
Egan, 1975. A brief appendix on the signal detection 
experiments (plus some further material on reliability 
principles suggested by these experiments) is available 
on request from the author. 
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ity of reacting regardless of whether the sig- 
nal is present or not. Note that reliability in 
these experiments is measured by the r/w 
ratio used in the Reliability Condition (and 
reported in graphical form with ROC 
curves). 

Now apply this principle to detecting when 
to buy more of a commodity x. A person can 
be more reliable in purchasing x only 
by reducing the probability that potential 
influences will successively prompt him into 
purchasing (whether they be internal 
promptings, advertising, behavior of other 
consumers, or whatever). 

Thus, we have a simple two-step syllo- 
gism: a higher price requires purchasing be- 
havior to be more reliable, which can be 
achieved only by reducing the probability of 
purchase. This implication is essentially the 
law of demand for consumer behavior, yet 
without any qualification for income effects; 
nor must we use complicated Slutsky deriva- 
tions, or other technical maximizing condi- 
tions. To some of us, the logic involved might 
even seem “too simple" compared to our 
intellectual investment in n-dimensional con- 
` sumer theory. Nevertheless, in its simplicity 
is a clear, unambiguous implication of the 
Law of Demand, which we have never been 
able to derive with traditional optimizing 
methods.^é 


E. Evolution of Property Rights, Trading, 
and Market Structure 


Let me sketch a scenario about the evolu- 
tion of an exchange system. Suppose initially 


45ROC stands for “receiver operating characteristic"; 
see Green and Swets, pp. 31-34. 

“©The Reliability Condition also implies a number of 
other key empirical regularities that are not derivable 
from basic maximization theory (see fn. 5 above). 
Another implication is that behavior will be relatively 
sensitive to information that defines an agent's local 
frame of reference within the environment. This will 
produce "framing effects" studied by Kahneman and 
Tversky, and a number of other anomalies now widely 
recognized in the risk-behavior literature (see fn. 30 
above). Still other examples include the “excessive reac- 
tion" of securities and futures markets to “current infor- 
mation"; the "tendency to ignore prior information" 
used in Bayesian probabilities; and the “insensitivity of 
judgments to sample size"; even by "professionally 
trained" econometricians (see Arrow, 1981, pp. 3-7). 
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that the reliable range of flexibility of agents' 
behavioral rules is more than sufficient to 
handle the complexity of the social environ- 
ment (say in the primitive beginnings of hu- 


man society). As a result, agent interactions 


evolve into more complex relationships in 
which the consequences from each agents: 
individual behavior depend on the actions of 
more and more other agents. In addition, the 
behavior of these other agents will become 
increasingly remote to the local experience of 
each agent as the network of social interde- 
pendencies broadens. Consequently, uncer- 
tainty in determining the consequences from 
selecting particular actions will successively 
increase for each agent in the society. 

At some point, the evolution of more com- 
plex social interdependence will stop, unless 
social structures also evolve that reduce the 
scope of nonlocal information that individ- 
ual agents must know to reliably forecast the 
consequences of their own behavior. (In more 
precise terms, the scope of information over 
which agents can reliably interpret succes- 
sively narrows as the social environment be- 
comes more complex.) 

In general, further evolution toward social 
interdependence will require institutions that 
permit agents to know about successively 
smaller fractions of the larger social environ- 
ment. That is, institutions must evolve which 
enable each agent in the society to know less 
and less about the behavior of other agents and 
about the complex interdependencies generated 
by their interaction. l 

One of the basic ways of accomplishing 
tbis is to divide up the decision authority to 
use resources so that only particular agents 
(or small groups of agents) have the right to 
control their use. With such a right-to-con- 
trol institution, individual agents no longer 
have to know how other agents might use 
their “privately owned" resources. A whole 
range of factors that are within an agent's 
local experience can now be used to de- 
termine the consequences of particular use 
decisions. Two of the more important possi- 
bilities are decisions about whether to con-: 


' sume or delay the use of a resource, and 


about whether to transfer the right-to-control 
resources to other agents. Obtaining the right 
to control itself becomes valuable, given that ` 
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only local information is now required to 
control the use of a resource. 

In more basic terms, the question is 
whether agents will be willing to cooperate 
with each other through increasingly com- 
plex interdependencies that have the poten- 
tial—if properly coordinated— to increase 
average output per agent. As the society be- 
comes more complex, agents will cooperate 
only in ways that enable them to use increas- 
ingly local information to detect whether they 
will individually benefit. That is, they will 
exhibit a “propensity to cooperate" only in 
situations where increasingly local experience 
indicates a benefit—even if such restriction 
cuts off a whole range of benefits that might 
result from more subtly interconnected forms 
of cooperation. A major way of satisfying 
this restrictive criteria is to cooperate only in 
situations where agents immediately re- 
ciprocate the cooperative actions of each 
other, such that each perceives a net benefit 
based on his own self-evaluation of the for- 
saken and received items. 

This form of reciprocation enables agents 
to decide based on immediately local experi- 
ence about the results from cooperating. 
Thus, their tendency to cooperate in such 
situations will be relatively great compared 
to myriad other possibilities that would re- 
quire the reliable use of more nonlocal infor- 
mation to avoid mistakes. (In more precise 
terms, we can show that the probability of 
agents cooperating in such situations will be 
much higher than for other forms of cooper- 
ation.) This limited tendency to cooperate 
can itself be regarded as a behavioral regu- 
larity, one that Adam Smith recognized as 
the “propensity to truck or barter.” Notice 
also that such a propensity depends on a 
structure of property rights that enables 
agents’ self-evaluations to determine the use 
of resources without knowing the behavior of 
other agents. 

The above discussion is only a brief illus- 
tration of a large number of implications 
about legal and market institutions. These 
institutions will evolve so as to provide pre- 
dictable opportunity for mutual reciproca- 
tion situations; and so as to reduce the scope 
and complexity of information that must be 
reliably interpreted for agents to benefit from 
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these situations. For example, a few impli- 
cations include: a restriction to more central- 
ized market organization and to financial 
instruments that enable agents to avoid 
knowing the particular circumstances, attri- 
butes, and identity of potential reciprocators 
and the items reciprocated; a severe restric- 
tion of futures markets and auction markets 
to certain strategic locations within a larger 
network of inventory markets structured so 
as to reduce price fluctuations; ^' and owner- 
ship structures that enable agents to avoid 
detecting whether continued reciprocation 
will be maintained, especially when this is 
necessary for particular reciprocators to real- 
ize longer term benefits or to prevent certain 
losses.^5 The essential factor in all of these 
institutional regularities is uncertainty in de- 
ciphering the complexity of the social en- 
vironment.” 

Finally, let me mention another key fea- 
ture about the possibility of coordination 
failures. A complex cooperative system must 
somehow limit the occurrence of serious co- 
ordination failures. Nevertheless, its very 
complexity can evolve only to the extent that 
it enables agents to benefit without decipher- 
ing more than a tiny fraction of its overall 
structure. As a result, a complex system can- 


“A few modern references on the above topics are: 
Alchian, 1969, 1977; Robert Clower, 1967; Clower and 
Leijonhufvud, 1975; Robert Jones, 1976; Seiichi 
Kawasaki et al., 1982; Lester Telser, 1981. 

48 The reliability model can be used both to predict 
the likelihood of opportunistic behavior (discontinuing 
reciprocation), and how the likelihood of such behavior 
affects the required reliability of various kinds of con- 
tractual arrangements. In many cases, the only solution 
is to structure ownership of assets in a way that 
eliminates having to detect when to engage in certain 
contracts. This will produce a stable regularity in con- 
tractual and market ownership patterns, which are also 
studied under the rubric of “transaction costs” (see 
Williamson, 1975, 1979, 1981, 1983; Benjamin Klein et 
al., 1978; also Alchian and Demsetz, 1972; Coase, 1937, 
1960; Demsetz, 1969, 1967; Dahlman, 1980). 

*9?Standard choice theory concentrates exclusively on 
the potential gains from trade (via Edgeworth exchange 
boxes, etc.), rather than on the effect of uncertainties 
created in trying to realize that potential. Consequently, 
we now have an elaborate general equilibrium theory of 
exchange which is devoid of the very institutional regu- 
larities necessary for complex exchange economies to 
evolve in the first place (see the epilogue of Vernon 
Smith, 1982, p. 952). 
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not prevent coordination failures that would 
require agents to understand a sizeable frac- 
tion of its complexity in order to avert them. 


VI. Switching and Punctuation Dynamics 


Recall the notation introduced above in 
Section IV, Part E, where z = (s,c,m,e) rep- 
resents an agent's sensory (S), cognitive (c), 
and morphological (m) components (here- 
after denoted by y = (s, c, m)), along with the 
environmental variables e. Using these vari- 
ables, we can analyze how uncertainty af- 
fects the dynamic response of behavioral 
rules, and how agents’ internal components 
interact with each other and with the en- 
vironment to generate evolutionary change 
in themselves and in the surrounding en- 
vironment. Two key dynamic properties are 
conditioned by the transition point between 
satisfying or violating the Reliability Condi- 
tion (i.e., the point at which r/w =T). 

First: Changes in the environmental 
variables e may shift the reliability ratio r/w 
or the tolerance limit T of an action; causing 
them to “cross over” each other from their 
initial positions (i.e., shift r/w from below T 
to above it, or vice versa). If this happens, 
rule-governed behavior will switch from al- 
lowing to severely restricting that action. 
Thus, a relatively sudden “switching” be- 
tween different behavior patterns may occur. 

Second: If the reliability ratio of an 
action is initially bounded below its toler- 
ance limit, then behavioral rules will prohibit 
that action. Now consider a small change in 
a particular component, y? € y, which would 
shift r/w and T for such an action closer 
together, but not enough for them to cross 
over each other. So long as this is the case, 
there will be no change in an agent's behav- 
ior that might improve or worsen his perfor- 
mance, because the Reliability Condition for 
selecting that action is still violated. Suppose, 
however, that movement in some of the other 
z variables besides y? (which might include 
the e variables) shift r/w and T' sufficiently 
for them to cross over each other. 

At the point of transition, greater reli- 
ability from changes in y? will now allow se- 
lecting the action to improve an agent's 
performance; which may initiate evolution- 
ary adjustment of y? in the appropriate di- 


SEPTEMBER 1983 


rection. This means that the y attributes may 
éxhibit relatively sudden increases or de- 
creases in the speed of evolutionary change. 
Thus, evolutionary adjustment in the y at- 
tributes may be “punctuated” with a variety 
of sudden changes, especially as a large num- 
ber of such attributes interact through an 
agent’s behavioral rules, or the environment 
is itself influenced by the actions of other 
agents. 

It is significant that a simple “crossover” 
mechanism will generate irregular dynamic 
movement in the outward behavior or inter- 
nal attributes of an agent, and suggests an 
alternative to the recent attempts to account 
for such effects via catastrophe theory. A 
recursive use of the Reliability Condition can 
also generate systematic hysteresis effects, in 
which the crossover point depends on the 
past history and direction of a variable’s 
movement.5! 

A few examples to illustrate the above two 
dynamic properties are the following: 

1) A number of implications char- 
acterize sudden switching of animal behavior 
between different actions, such as aggressive 
behavior in either attacking or retreating, or 
territorial behavior in either attack or de- 
fense strategies. A common example in eco- 
nomics involves switching between buying 
and selling strategies in financial markets, 
resulting in sudden movement in stock prices. 
In general, a wide range of behavior in eco- 
nomics is governed by such switching and 
hysteresis effects and has been obscured by 
the use of traditional optimization theory. 

2) A specific economic illustration of 
the crossover mechanism is the "corridor 
hypothesis" for macroeconomic systems dis- 
cussed above in Section V. Another example 


30See E. C. Zeeman, 1977; Rene Thom, 1975; David 
Berlinski, 1975; Hector Sussman, 1975. 

3! Consider very briefly a two-stage use of the Reli- 
ability Condition. First, r/w =T is used to characterize 
a transition point between different behavior patterns. 
Second, introduce uncertainty about an agent trying to 
detect unstable shifts in this transition point. An agent 
may fail to switch once the transition point is reached, 
or he might mistakenly switch too early. A second 
application of the Reliability Condition implies that an 
agent will delay switching until he rarely switches too 
early; so that the observed switching point will shift 
depending on the action selected before the switch oc- 
curred. 
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is a structure of expectation “stages” during 
inflations (ranging from initially “sluggish” 
to eventually “explosive” expectation adjust- 
ment), which contrasts with recent rational 
expectations modeling.?? 

3) Growing evidence supports the 
* punctuation hypothesis" recently advanced 
in evolutionary biology, which claims that 
irregular bursts in the pace of evolutionary 
change have produced speciation and macro- 
evolution of dramatic morphological changes 
(see Stephen Gould and Niles Eldredge, 1977; 
Steven Stanley, 1979). 

4) An example of the latter which has 
been of considerable interest is the dramatic 
expansion of the cerebrum responsible for 
the higher thought processes of humans. Of 
all the various y attributes, the cerebrum 
most directly tends to prompt increasingly 
sophisticated behavior patterns. Right situa- 
tions for selecting particular actions within a 
behavioral repertoire will become increas- 
ingly rare as the complexity of that reper- 
toire increases. This will cause a steeply 
rising acceleration in the required reliability 
for selecting these actions. Thus, if the sec- 
ond dynamic property above ever triggers 
rapid expansion of the cerebrum, then its 
sudden leveling off at a larger size is also 
implied. This dynamic pattern has been of 
interest and puzzlement in the biology litera- 
ture.*4 


VII. Hierarchical Structure and Evolution 
of Reliable Complexity — 


We can also characterize how uncertainty 
may generate hierarchical structures of in- 
creasingly flexible rules. Such rule-hierarchies 
have far reaching applications, some of which 


52 The explosive stage could refer to the final phase of 
a hyperinflation in which agent’s expectations so quickly 
adjust that trying to counteract this reaction by further 
money supply acceleration will drive real balances to- 
ward zero. 

53As an agent’s behavior becomes more complex, 
each additional action must compete against more and 
more other actions. Thus, the likelihood of an additional 
action being more preferred than other actions is ‘condi- 
tional on the behavioral complexity of an agent; and in 
general will decrease as the complexity of his repertoire 
increases. 

5^See, for example, Edward Wilson, 1975, pp. 547-50; 
Jerison, 1973, pp. 402-43; D. Pilbean, 1972. 
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are briefly discussed in the following re- 
marks: 

1) For example, consider a system of 
components that interact with each other at 
level v, while these interactions comprise a 
larger system that interacts within a sur- 
rounding environment at level v+1. For 
simplicity, the relationship between a system 
and its subcomponents is functionally writ- 
ten, s,,,(S,), where s,,, denotes the system 
and s, denotes its subcomponents. Thus, we 
have a recursive structure of rule-governed 
systems, 5,, ,(S,), where each element of s, 
is itself a system of components at the next 
lower level v — 1, denoted s, (s, ..;). 

2) Now, suppose that more simply 
structured subcomponents decrease the reli- 
ability of a system in administering more 
complex interactions with its environment. 
For example, such components might be 
more vulnerable in distinguishing nonlocal 
phenomena. For any given level of subcom- 
ponent structure, viable performance re- 
quires a minimum degree of behavioral rigid- 
ity. Thus no system composed of similarly 
structured components can allow greater 
flexibility without hindering its viability. 
Consequently, the only way more sophisti- 
cated behavior could arise from such systems 


-is for a number of them to evolve into the 


subcomponents of a still larger system. Since 
the components of the larger system are re- 
cursively built up from smaller subsystems, 
additional structure may be permitted which 
enables them to reliably guide more complex 
behavior of a larger system. When this is 
possible, the behavior of the larger system 
can be less rigidly constrained than its com- 
ponent subsystems. 

. 3) Recent discoveries in microbiology 
dramatically illustrate this implication. They 
show how molecular mechanisms direct the 
embryological unfolding of living systems. 
The essential feature of all of these mecha- 
nisms are large molecular structures (con- 
taining hundreds or thousands of atoms) that 
interact with each other literally by recogniz- 
ing each other's shape. That is, they interact 
with noncovalent bonds which are very much 
weaker than the covalent bonds (ie. the 
merging of electron clouds) of physical 
chemistry. Thus, stable bonding requires a 
relatively large surface closely matched to 
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the shape of another molecule (which large 
surfaces require many atoms within each 
molecule)2? Molecular shape enables the 
precise calibration of “stereo-specific” bond- 
ing, which permits a much more complex 
structure of interaction possibilities than 
otherwise possible with the more rigid con- 
straints of physical chemistry. Moreover, the 
precise recognition properties of stereo- 
specific bonding enables the reliable direc- 
tion of complicated molecular mechanisms, 
as evidenced in the biochemistry of cell regu- 
lation and embryological processes.ó The 
significance of this is summarized by Nobel 
Prize biochemist Jacques Monod: 57 


[Stereo-specific bonding gave] molecu- 
lar evolution a practically limitless field 
for exploration and experiment, [which] 
enabled it to elaborate the huge net- 
work of cybernetic interconnections 
which makes each organism an autono- 
mous functional unit, whose perfor- 
mances appear to transcend the laws of 
chemistry if not to ignore them alto- 
gether. [1972, p. 78] 


4) If the recursive structure, s, ,;(s,), is 
continued to higher or lower levels (v +2, 
$43,..; or vc—1,0 —2,...) we obtain a 
hierarchical structure of increasingly sophis- 
ticated systems, where later stages are 
governed by successively more flexible rules. 
Such hierarchical structures represent a basic 
way systems conditioned by uncertainty can 
evolve into allowing successively more so- 
phisticated behavior without hindering their 
viability in the process. 

This pattern of hierarchical development is 
systematically evidenced in nature at à num- 
ber of intertwining levels. For example, there 
are the invariable behavior patterns of atoms, 
which are composed of successively more 

' basic subatomic particles; and which are 
themselves components of larger cosmologi- 
cal systems whose behavior is also synony- 


55See J. Monod, 1972, pp. 45-46. 

See J, Monod, 1972, chs. 4-7. 

"For a recent more technical overview of the subject, 
see James Watson, 1976. 
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mous with highly predictable laws.?? Above 
this level, there is ‘another hierarchy of 
organic molecules (discussed above) that 
eventually form components in living cells. 
Such cells in turn are subcomponents of still 
larger organs and tissues that permit rela- 
tively more flexible behavior of yet another 
hierarchy of increasingly sophisticated living 
organisms. Finally, there is the subtle, .usu- 
ally difficult to predict, behavior of humans 
and their social institutions. Looking back 
on this structure, the particular course of its 
evolution may be extremely improbable. 
Nevertheless, what did evolve has been 
through a hierarchical process from very pre- 
dictable to relatively much less predictable 
phenomena. : 

5) Hierarchical structures may also have 
systematic importance in the design of cogni- 
tive and related (natural and artificial) learn- 
ing processes? For example, there may be 


58 The body of this paper has only briefly alluded to 
the physical sciences. At issue is whether the invariable 
regularities exhibited by natural phenomena can be re- 
garded as “rule-mechanisms” to cope with extreme un- 
certainty in avoiding destabilizing interactions between 
the components of a system that might disintegrate its 
structure? More generally, what patterns of component 
interaction are viable in the sense of generating their 
own continuation, or the continuation of larger interac- 
tive patterns between components which are themselves 
systems? Many topics in the physical sciences could be 
discussed, but only three topics are mentioned here. 
First, we can analyze uncertainty in producing stable 
macrostructures to characterize relationships between 
the “particles” of matter and the “forces” that intercon- 
nect them. Second, we can consider uncertainty in main- 
taining the structural stability of tightly compacted sys- 
tems to characterize symmetry properties, and other 
statistical regularities studied in quantum mechanics. 
Third, we can analyze the effects of violating the general 
relativity postulate of modern physics, especially about 
uncertainties in dealing with complex interdependencies 
permitted without the constraint of generally covariant 
interactions. On these three topics see respectively: P. C. 
W. Davies, 1979; J. P. Elliot and P. G. Dawber, 1979; 
Enrico Cantore, 1969; Albert Einstein, 1952, 1956. 

Underlying these regularities is a persistent theme 
about the unity of science, as suggested in the following 
remark by Einstein: “The most incomprehensible thing 
about the universe is why it is so comprehensible." (See 
also the closing remarks of Kuhn's 1962 essay, p. 173.) 
The answer may lie in how extreme uncertainty affects 
the structure of self-continuing physical systems. 

5?See Simon, 1969, 1979a; Newell and Simon, 1972; 
J. R. Anderson, 1980; G. T. Miller et al., 1960. 
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resistance to knowledge not built up in 
recursive stages. For example, explicitly hier- 
archical methods have evolved in the above- 
mentioned strategy books on playing black- 
jack, and more recently on how to solve 
'Rubik's cube. 

6) It has also been argued by Kohlberg, 
with extensive supporting experimentation, 
that the moral development of children as 
they mature into adults follows a highly pat- 
terned hierarchical structure of six stages. 
The first stage is guided by “blind obedience 
to rules and authority.:.,” which proceeds 
though intermediate steps to stage six, which 
is “guided by self-chosen ethical princi- 
ples.”®' A pattern of successively more com- 
plex moral judgments is clearly suggested in 

` this hierarchy. 

7) The viability of an evolving system, 
(for example an ecological system of organ- 
isms, or an exchange system of competing 
agents), which originates truly novel change 


(whose interactive possibilities are largely - 


unrelated to the system's past history) may 
be quite sensitive to uncertainty in avoiding 
disruptive novelty. If this is the case, the very 
processes which generate and select such 
novelty will themselves be organized in a 
hierarchical structure of increasingly flexible 
rule-mechanisms. An important illustration 
is the structure of relationships that connect 
the rigidly patterned molecular design of 
DNA to the more visible interactions com- 
prising natural selection. 


6A good example of a hierarchical method is 


Kosniowski, 1981, especially in contrast to David : 


Singmaster, 1979 (called the "definitive treatise" by 
Scientific American), which follows a complex, cyclical 
development of ideas that switches back and forth be- 
tween different parts of the book, Singmaster's book is 
also several times longer than later books (cited above in 
fn. 14), both in terms of number of words and nota- 
tional density. 

$!See Kohlberg, 1976, pp. 30 and 32; and 1963, 1969. 

62 Consider the extreme uncertainty of tiny molecular 
Structures directing the construction of living systems. 
Maurice Wilkin's 1953 paper (which accompanied Wat- 
son and Cricks' original paper in Nature) begins: “While 
the biological properties of deoxypentose nucleic acid 
suggest a molecular structure containing great complex- 
ity, X-ray diffraction studies described here show the 
basic.molecular configuration has great simplicity" (p. 
738). The Reliability Condition implies the opposite 
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Other implications characterize the diver- 
sity and pace of novel change that can be 
reliably controlled by an evolving system. 
For example, a more rapid average pace is 
permitted as the reliability of selective 
processes increases. These implications un- 
derly the major differences in the qualitative 
nature and average speed of cultural com- 
pared to biological evolution. d 


vii. Conclusion 
I have argued that uncertainty is the basic ` 


source of predictable behavior, and also the 
main conditioning factor of evolutionary 


: processes through which such. behavior 


evolves. Uncertainty exists because agents 
cannot decipher all of the complexity of the 
decision problems they face, which literally 
prevents them from selecting most preferred 
alternatives. Consequently, the flexibility of 
behavior to react to information is con- 
strained to smaller behavioral repertoires that 
can be reliably administered. Numerous de- 
viations from the resulting behavior patterns 
are actually superior in certain situations, 
but they are still ignored because of un- 
certainty about when to deviate from these 
regularities. 

In contrast, standard economics analyzes 
the special case of no uncertainty in selecting 
most preferred options. This way of under- 
standing behavior forces the determinants of 
uncertainty into the residual "error term" 
between observed behavior and the more 
systematic patterns claimed to result from 
optimization. I am thus suggesting a reversal 
of the explanation assumed in standard eco- 
nomics: the factors that standard theory 
places in the error term are in fact what is 
producing behavioral regularities, while opti- 
mizing will tend to produce sophisticated 
deviations from these patterns. Hence, the 





presumption; namely, that precisely because DNA is the 
ultimate source of larger biological systems, whose com- 
plexity cannot be reliably manipulated from any interac- 
tion local to its tiny structure, its internal design must be 
both rigidly patterned and engineered to replicate virtu- 
ally without guidance from its local chemical environ- 
ment. 
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Observed regularities that economics has tried 
to explain on the basis of optimization would 
disappear if agents could actually maximize. 

Another basic conclusión is that ap- 
propriately structured behavioral rules will 
not necessarily arise. Rather, they will evolve 
to the extent that selection processes quickly 
eliminate poorly administered behavior. This 
' will more likely occur when agents are in- 
volved in highly competitive interactions that 
themselves indirectly result from scarcity. 
However, if weak selection processes are 
present, relatively vulnerable or dysfunc- 
tional behavior may evolve. 

One area of major normative significance 
is the development of human social institu- 
tions; in particular, political institutions that 
have the opportunity to influence the out- 
comes generated by exchange competition. 
This is especially important if human agents 
are able to foresee numerous potential cases 
where the cooperative results of exchange 
institutions could be improved, but without 
being able to reliably administer the addi- 
tional complexity necessary to realize those 
improvements. 

Think of this issue in terms of the Reli- 
ability Condition. People may be able to 
identify government actions where situations 
exist in which a society will benefit (i.e., the 
probability of right circumstances v for 
selecting these actions is positive). Neverthe- 
less, they may be unable to administer these 
actions with sufficient reliability to benefit 
the society by adding them to the govern- 
ment's repertoire of authorized activities (i.e., 
r/w «T even though v > 0). If this is the 
case, the society will benefit by appropriately 
limiting the scope and complexity of govern- 
ment behavior. 

But how is such limitation to arise? It is 
here that we enter the area of “con- 


stitutionalism," defined broadly as the de-. 


sign of rule-mechanisms to restrict the flexi- 
bility of government to react to whatever 
influences might prompt it to engage in 
vulnerable activities. The writings of seven- 
teenth- and eighteenth-century political phi- 
losophers and statesmen were primarily con- 
cerned with these issues. Out of their efforts 
came a number of features incorporated in 
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the United States Constitution, such as the 
separation of powers mechanism.? 

On a wider scale, the history of civilization 
can be organized around a theme of groping 
for social rule-mechanisms.$/ Nevertheless, 
the understanding of such mechanisms is 
only in its rudimentary beginnings; and in 
the last hundred years, the general trend has 
been away from these topics— especially for 
analysts trained. in mainstream economic 
theory.© The reason is that mainstream theo- 
ries have systematically directed attention 
away from the study of processes that limit 
flexibility to choose potentially preferred ac- 
tions. A refocusing of research on such 
processes— with the appropriate analytical 
framework to guide us—may have practical 
consequences for tbe viability of existing 
institutions. ` 


63 The basic source materials on these issues are the 
Federalist Papers by Hamilton and Jefferson (for exam- 
ple, numbers 10, 47, 48, 51). For a modern reference, see . 
Martin Diamond, 1981. 

+The often seemingly bizarre practices of religion 
and cultural ritual may also represent the design tech- 
nologies of social rules crucial to the coordination and 
intensification of social bonds, For some interesting 
readings about ritual, symbolism, and comparative reli- 
gion, see William Lessa and Evon Vogt, 1979, and M. 
Gluckman, 1962. 

55Notable exceptions to this general trend are the 
writings of Buchanan and Hayek (see fn. 31 above). 
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Preference Reversals: A Broader Perspective 


By PAUL SLOVIC AND SARAH LICHTENSTEIN* 


Two papers recently published in this Re- 
view, the first by Werner Pommerehne, 
Freidrich Schneider, and Peter Zweifel (1982) 
and the second by Robert Reilly (1982), re- 
examined the preference reversal phenome- 
non. Preference reversals occur when indi- 
viduals are presented with two gambles, one 
featuring a high probability of winning a 
modest sum of money (the P bet), the other 
featuring a low probability of winning a 
large amount of money (the $ bet) The 
typical finding is that people often choose 
the P bet but assign a larger monetary value 
to.the $ bet. This behavior is of interest 
because it violates almost all theories of pref- 
erence, including expected utility theory. 

The studies by Pommerehne et al. and 
Reilly were based on an earlier paper appear- 
ing in this Review by David Grether and 
Charles Plott (1979). All three of these inves- 
tigations have followed the same general de- 
sign, motivated by a healthy skepticism of 
the phenomenon and a belief that, examined 
under proper conditions, it might disappear. 
Thus Grether and Plott took great pains to 
correct what they saw as deficiencies in the 
original psychological experiments by our- 
selves (1971, 1973) and Harold Lindman 
(1971). Specifically, Grether and Plott used 
two monetary incentive systems to heighten 
motivation, substituted a different probabil- 
ity device for deciding the outcomes of the 
bets, controlled for income and order effects, 
and tested for indifference and the influence 
of strategic or bargaining effects. To their 
surprise, preference reversals remained much 
in evidence, despite their careful attempts to 
create conditions that would minimize or 
eliminate them. 


*Decision Research, A Branch of Perceptronics, 1201 
Oak Street, Eugene, Oregon 97401. The work was sup- 
ported by the Office of Naval Research under Contract 
N00014-82-C-0643 to Perceptronics, Inc. We thank Don 
MacGregor, Amos Tversky, and two anonymous re- 
viewers for comments on an earlier draft. 
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Pommerehne et al., not satisfied with the 
stringency of Grether and Plott’s controls, 
attempted to increase motivation by raising 
the face value of the payoffs and creating 
differences in expected value between the P 
and $ bets in a pair. They, too, found a 
substantial proportion of reversals, leading 
them to conclude: “Even when the subjects 
are exposed to strong incentives for making 
motivated, rational decisions, the phenome- 
non of preference reversal does not vanish” 
(p. 573). : , 

Reilly was also skeptical of the adequacy 
of Grether and Plott's controls. To maximize 
subjects’ understanding of the task, he con- 
ducted his study within small groups where 
questions could readily be asked of the ex- 
perimenter. The money at risk was placed on 
a desk in front of the subject and the size of 
potential losses in the gambles was increased 
to enhance motivation. Finally, some sub- 
jects were shown the expected values for all 
gambles and were given a description of the . 
expected-value concept. Álthough the rate of 
preference reversals was somewhat lower than 
that observed by Grether and Plott, the phe- 
nomenon persisted to a substantial extent. 
Reilly conceded that these results provided 
"further confirmation of preference reversal 
as a persistent behavioral phenomenon in 
situations where economic theory is generally 
applied" (p. 582). Nevertheless, he main- 
tained the hope that further strengthening of 
monetary incentives and provision of addi- 
tional information to the subjects would 
make this troublesome phenomenon disap- 
pear, thus salvaging preference theory: 


Should sufficiently large reductions be 
achievable, we might consider adopting 
the premise that individuals are likely 
to be consistent in making decisions 
that matter to them when the principle 
characteristics of the alternatives are 
sufficiently comprehended. Applied to 
such cases, standard preference theory 
would then require little modification. 
[p. 582] 
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As researchers who. have studied prefer- 
ence reversals and related problems of ra- 
tional choice for quite some time, we have 
several concerns about the direction this re- 
search seems to be taking. Certainly a phe- 
nomenon such as preference reversals should 
be subjected to rigorous tests such as those 
administered by Grether and Plott, Pom- 
merehne et al, and Reilly. These studies 
have been valuable in demonstrating the 
robustness of the effect. However, there is a 
substantial body of research on preference 
reversals within the psychological literature 
that is being neglected here. Moreover, rever- 
sals can be seen not as an isolated phenome- 
non, but as one of a broad class of findings 
that demonstrate violations of preference 
models due to the strong dependence of 
choice and preference upon information 
processing considerations. In this paper we 
shall describe relevant psychological work in 
order to broaden the perspective on prefer- 
ence reversals. 


I. History 


Readers of the papers by Pommerehne 
et al. and Reilly would hardly know there 
was considerable scrutiny of preference re- 
versals prior to the publication by Grether 
and Plott. In fact, a number of studies 
preceded Grether and Plott, most of which 
employed multiple experiments and condi- 
tions designed to test the robustness of the 
effect. Additional studies have appeared sub- 
sequently. Each of these studies has observed 
substantial frequencies of reversals. 

The first study designed to elicit reversals 
was our 1971 article. The impetus for this 
study was our observation in our earlier 1968 
article that choices among pairs of gambles 
appeared to be influenced primarily by prob- 
abilities of winning and losing, whereas buy- 
ing and selling prices were primarily de- 
termined by the dollar amounts that could 
be won or lost. When subjects found a bet 
attractive, their prices correlated predomi- 
nantly with the amount to win; when they 
disliked a bet, their prices correlated primari- 
ly with the amount that could be lost. This 
pattern of correlations was explained as the 
result.of a starting point (anchoring) and 
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adjustment procedure used when setting 
prices. Subjects setting a price on an attrac- 
tive gamble appeared to start with the amount 
to win and adjust it downward to take into 
account the probability of winning and los- 
ing, and the amount that could be lost. The 
adjustment process was relatively imprecise, 
leaving the price response greatly influenced 
by the starting point payoff. Choices, on the 
other hand, appeared to be governed by dif- 
ferent rules. 

In our 1971 article, we argued that, if the 
information in a gamble is processed differ- 
ently when making choices and setting prices, 
it should be possible to construct pairs of 
gambles such that people would choose one 
member of the pair but set a higher price on 
the other. We proceeded to construct a small 
set of pairs that clearly demonstrated this 
predicted effect Following this, a second 
study was conducted to examine the strength 
of the reversal effect as a function of the 
characteristics of the bet pairs. Forty-nine 
pairs of bets were constructed, all con- 
strained by the requirement that the P bet 
had a high probability of winning a modest 
amount and the $ bet had a low to moderate 
probability of winning a large amount. De- 
spite these constraints, the pairs differed sig- 
nificantly in the degree to which they elicited 
predictable reversals. The ideal bet pair for 
observing reversals had a larger $ bet loss 
than a P bet loss (facilitating choice of the P 
bet) and a large $ bet win relative to the P 
bet win (facilitating a higher price for the $ 
bet) For example, the bet with the most 
predicted reversals was: P bet, 9/12 to win 
$1.20 and 3/12 to lose $.10; $ bet, 3/12 to 
win $9.20 and 9/12 to lose $2.00. We con- 
cluded this initial study by noting that rever- 
sals were of interest not only because they 
violated theories of rational choice, but be- 
cause of the insight they revealed about the 
nature of judgment and decision processes. 

Our 1968 article also noted that the close 
dependence of pricing responses on a gam- 
ble's payoffs could explain a finding that had 


Contrary to the explanation by Reilly, the act of 
choosing the P bet but setting a higher price on the $ bet 
is not called a predicted reversal simply because “In all 
experiments reversal of P bets has been more frequent 
than reversal of $ bets..." (Reilly, 1982, p. 577, fn. 2). 
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puzzled Lindman (1965) in his doctoral dis- 
sertation. Lindman's subjects gave selling 
prices for gambles and also made paired- 
comparison choices among triplets of these 
gambles. He noted that the prices were 
ordered almost perfectly according to the 
payoffs, whereas the orderings derived from 
choices were not. Lindman (1971) subse- 
quently performed five studies designed to 
determine whether this sort of inconsistency 
would be influenced by the number of gam- 
bles within the choice set, the possibility of 
comparing gambles directly when deciding 
upon selling prices, variations in the way 
that probabilities were displayed, and varia- 
tions in the amount of prior practice or 
experience. Although the experience factor 
had some effect, the general results across 
conditions were in close agreement with our 
own. 

Problems of motivation and understand- 
ability were of concern right from the begin- 


ning of these studies. Experiment III of our | 


original paper (1971) allowed college student 
subjects to win up to $8, a significant amount 
for an hour's work in 1969. Each subject was 
run individually, with lengthy and careful 
instructions. Prices and choices were ob- 
tained three times for each pair of bets. The 
` third time, subjects were reminded what their 
earlier answers had been and were asked to 
make a careful, final response. The bets were 
actually played and subjects were paid as a 
function of their winnings. Results for these 
carefully trained and financially motivated 
subjects showed a substantial proportion of 
predicted reversals. Recognizing the impor- 
tance of motivation and the need to test 
nonstudent subjects, we went to considerable 
effort to replicate the initial studies on the 
floor of a casino in downtown Las Vegas.? 
There the players could set the value of their 
chips at $.05, $.10, $.25, $1, or $5. No players 
ever chose $1 or $5, but even for the $.10 
chips, a typical $ bet offered either a win or a 
loss of $8 on a single play. One new feature 
of the design was the addition of gambles 
having negative expected values. The experi- 
ment attracted 44 players, many of whom 


?7See our article (1973). 
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were highly educated .professionals. Rever- 
sals of preference were frequent and wide- 
spread across players, even for the negative 
expected value gambles, for which strategic 
tendencies to overprice the bets would have 
worked against the reversal phenomenon. 

Robert Hamm (1979) was another re- 
searcher who tried hard to make the reversal 
phenomena disappear—and did not. His ex- 
tensive study examined the stability of rever- 
sals over time, in the face of experience, 
practice, forced introspection or discussion, 
and advice to adopt an intuitive or analytic 
approach to the task. The order of stimulus 
sets and tasks was carefully counterbalanced, 
Hamm found that the reversal effect was 
replicated under all these conditions. Task 
order had no effect, nor did emphasis on 
analytic or intuitive processes. Discussion 
about one's decision strategies actually in- 
creased the tendency towards reversals, 
countering the hypothesis that if people were 
given greater opportunity to think about their 
strategies, the preference reversal phenome- 
non would disappear. 

John Mowen and James Gentry (1980) 
studied preference reversals in a quite differ- 
ent context—that of new product develop- 
ment. Their subjects were undergraduate stu- 
dents of marketing and consumer behavior. 
They also extended previous research by 
comparing individual vs. group decisions. 
The stimuli were hypothetical products, de- 
fined according to probability of success and 
failure, and the projected profits and losses 
associated with those probabilities. Although 
the proportion of reversals varied with the 
characteristics of the pairs, as found in our 
(1971) study, strong reversal effects were 
generally observed. Group judgments and 
decisions were even more prone to reversals 
than those of individuals. Because group de- 
cisions involve discussion of strategies, this 
result is congruent with the effects of discus- 
sion found by Hamm. Mowen and Gentry 
related the anchoring process thought to de- 
termine pricing responses to an anecdote 
provided by R. A. Kerr (1979) regarding the 
search for oil in the Baltimore Canyon. Kerr 
noted that oil companies paid $1.1 billion for 
the privilege of drilling despite negative re- 
ports from oil industry geochemists. He con- 
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cluded that * Company managers apparently 
bid more on the basis of how large the 
possible trapping structures were rather than 
on the basis of the odds figured by the 
geochemists" (p. 1071). 

In sum, many of the concerns raised and 
examined by Grether and Plott have also 
been investigated in other studies of prefer- 
ence reversals. Our purpose in reviewing these 
studies is not to deny the importance of the 
studies by Grether and Plott, Pommerehne 
et al., and Reilly, but rather to inform those 
interested in this topic about the larger body 
of results. In our opinion, the most striking 
result of these studies is the persistence of 
preference reversals in the face of de- 
termined efforts to minimize or eliminate 
them. 


II. A Broader View of Preference Reversals 


The inconsistency between prices and 
choices for risky prospects represents but 
one of a broad set of failings that have been 
attributed to the theory of rational choice. 
James March (1978, 1982) has identified five 
general problems with the theory, one of 
which is particularly relevant to the present 
discussion. According to March, the theory 
presumes two improbably precise guesses 
about the future. One is a guess about the 
future consequences of current actions. The 
other is a guess about future sentiments (i.e., 
preferences) with respect to those conse- 
quences. 

March (1978) argued that, partly as a re- 
sult of behavioral research on human infor- 
mation-processing limitations, the way that 
the rational theory deals with the first guess 
has been modified to incorporate principles 
of what Herbert Simon (1957) termed 
“bounded rationality.” Thus economic theo- 
ries now place considerable emphasis on no- 
tions of search, attention, and information 
costs. Aspiration levels, incrementalism, and 
satisficing have been described as sensible in 
many settings. 

In contrast, March observed that although 
the second guess, about uncertain prefer- 
ences, has so far had little effect in modify- 
ing normative theories, it poses potentially 
greater difficulties for these theories and their 
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applications. He argued that limited cogni- 
tive capacity affects information processing 
about preferences just as it affects informa- 
tion processing about consequences: “Hu- 
man beings have unstable, inconsistent, 
incompletely evoked, and imprecise goals at 
least in part because human abilities limit 
preference orderliness" (1978, p. 598). 

March draws upon a rich and diverse array 
of observations to argue that, contrary to 
normative theory, preferences are neither 
absolute, stable, consistent, precise or exoge- 
nous (unaffected by the choices they control). 
The case against consistency brings us back 
to the topic of preference reversals. Incon- 
sistencies between prices and choices were 
created on the basis of knowledge about 
different rules for processing the component 
aspects or dimensions of gambles. Since 1968, 
when information processing ideas began to 
be applied to risky choice, we have learned 
more about how perception and cognition 
determine preferences. As we have better 
understood those processes, it has become 
relatively easy, indeed almost commonplace, 
to produce new kinds of preference reversals. 
In many instances, production of reversals 
has been used to validate hypotheses about 
information processing in risky choice. 

An early demonstration of the link be- 
tween information processing and reversals 
was a study by Amos Tversky (1969). He 
hypothesized that, where the structure of the 
choice set permitted, it would be simpler and 
more natural to compare alternatives dimen- 
sion by dimension than to evaluate the com- 
bined worth of each alternative separately 
(across dimensions) and then compare these 
overall evaluations. Tversky further hypothe- 
sized that small differences (for example, 
below some threshold of discrimination) 
would be ignored, even for an important 
dimension. Tversky tested and confirmed 
these hypotheses by creating sets of gambles 
in which this sort of information processing 
led to systematic, predictable intransitivities. 
Tversky’s gambles contained only two di- 
mensions, probability of winning and amount 
to win. For his subjects, probability was the 
dominant dimension, but if the difference 
between gambles was small, then amount to 
win controlled the decision. Thus, given the 


600 THE AMERICAN ECONOMIC REVIEW 


set of gambles a, b, c, d, and e with probabil- 
ities of 7/24, 8/24, 9/24, 10/24, and 11/24 
to win $5.00, $4.75, $4.50, $4.25, and $4.00, 
respectively, a tended to be chosen over b, b 
over c, c over d, and d over e, presumably 
because the difference in payoffs outweighed 
the slight difference in probabilities within 
each of these pairs. However, e was typically 
chosen over a because of the relatively large 

. difference in probabilities. This general find- 
ing has subsequently been replicated and 
extended by Rob Ranyard (1976) and by 
Lindman and James Lyons (1978). 

The intransitivities observed by Tversky 
arose from the tendency of subjects to com- 
pare gambles on each dimension. If they had 
made holistic evaluations separately for each 
gamble and compared these to determine 
their choices, then the intransitivities would 
not have occurred. Comparison within di- 
mensions is a natural way to choose among 
multidimensional objects. However, informa- 


tion is sometimes not available for each 


dimension, a situation that can lead to rever- 
sals. Consider, for example, the task of pre- 
dicting which of two college students, A or 
B, would get the higher grade point average. 
Two test scores are available for each stu- 
dent, to serve as the basis for prediction. One 
score, English Skill, is available for both 
students. The other information is unique 
—Quantitative Ability for Student A and 
Need for Achievement for Student B as 
shown below (the means and standard devia- 
tions of each test are different but are known 
to the evaluator). 


Student Á Student B 
Need for Achievement - 30 
English Skills 90 131 
Quantitative Ability 602 - 


Slovic and Douglas MacPhillamy (1974) 
hypothesized that commonality would cause 
a dimension to be weighted more heavily in 
determining a choice, because common 
information is easier to use. This, in fact, 
occurred and led to systematic reversals on 
the above problem: 75 percent of the sub- 
jects rating the students individually gave a 
higher grade point average to Student A. 
However, when these same subjects were 
asked to make a comparative judgment, they 
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selected Student B 60 percent of the time (40 
percent of the subjects exhibited reversals). 
Reversals also occurred, though less fre- 
quently, when the means and standard devia- 
tions were the same for each test. 

A variety of different reversals, providing 


-strong evidence against traditional theories 


of preference, have come from the work of 
Daniel Kahneman and Tversky (1979; Tver- 
sky and Kahneman, 1981). From their sys- 
tematic observations of choices among risky 
alternatives, Kahneman and Tversky have 
deduced a number of general principles, some 
of which violate expected utility theory, 
others of which are incompatible with all 
existing theories of choice or preference. 
Kahneman and Tversky distinguished be- 
tween two phases in the choice process, an 
early phase of editing and a subsequent phase 
of evaluation. The editing phase, which they 
have also referred to as framing, consists of a 
preliminary analysis of the available options, 
their possible outcomes, and the contingen- 
cies or conditional probabilities relating out- 
comes to acts. One function of the framing 
process is to organize and reformulate the 
alternatives so as to simplify the second phase 
of evaluation and choice. Much as changes 
in vantage point induce alternative perspec- 
tives on a visual scene, the same decision 
problem can be subject to many alternative 
frames. Whichever frame is adopted is de- 
termined in part by the external formulation 
of the problem and in part by the standards, 
habits, and personal predilections of the de- 
cision maker. 

A key element of framing is the coding of 
outcomes. Kahneman and Tversky show that, 
contrary to utility theory, outcomes are typi- 
cally coded as gains and losses, rather than 
as final states of wealth. These gains and 
losses are: defined relative to some neutral 
reference point, typically, but not always, the 
current asset position of the decision maker. 
These changes are evaluated according to a 
value function, v(x), which attaches a sub- 
jective worth to each possible outcome of a 
gamble, and a nonlinear probability weight- 
ing function, v( p), which expresses the sub- 
jective importance attached to the probabil- 
ity of obtaining a particular outcome. The 
attractiveness of a gamble that offers a chance 
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of p to obtain outcome x and a chance of q 


to obtain outcome y would be equal to 
v( p)v(x)-- v(q)v( y). In addition to being 
defined on gains and losses relative to some 
psychologically meaningful (neutral) refer- 
ence point, the value function is steeper for 
losses than for gains, meaning that a given 
change in one's status hurts more as a loss 
than it pleases as a gain. Another important 
feature is that the function is concave above 
that reference point and convex below it, 
meaning, for example, that the subjective 
difference between gaining (or losing) $10 
and $20 is greater than the difference be- 


tween gaining (or losing) $110 and $120.. 


Perhaps the most notable feature of the 
probability weighting function is the great 
importance attached to outcomes that will be 
received with certainty. Thus, for example, 
the prospect of losing $50 with probability of 
1.0 is more than twice as aversive as the 
prospect of losing the same amount with 
probability .5. 

The way a problem is fined determines 
both the reference point (the zero point) of 
the value function and the probabilities that 
are evaluated. If m and v were linear func- 
tions, preferences among options would be 
independent of the framing of acts, out- 
comes, or contingencies. Because of the char- 
acteristic nonlinearities of m and v, however, 
normatively inconsequential changes in the 
frames significantly affect preferences. This 
is illustrated by the following pair of prob- 
lems, given to separate groups of respon- 
dents. 

Problem 1. Imagine that the United 
States is preparing for the outbreak of an 
unusual disease, which is expected to kill 600 
people. Two alternative programs to combat 
the disease have been proposed. Assume that 
the consequences of the programs are as 
follows: If Program A is adopted, 200 people 
will be saved. If Program B is adopted, there 
is 1/3 probability that 600 people will be 
saved, and 2/3 probability that no people 
will be saved. Which of the two programs 
would you favor? 

Problem 2. (Same cover story as Prob- 
lem 1.) If Program C is adopted, 400 people 

` will die. If Program D is adopted, there is 
1/3 probability that nobody will die, and 
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2/3 probability that 600 people will die. 
Which of the two programs would you favor? 

Although the two problems are formally 
identical, the preferences tend to be quite 
different. In a study of college students, 72 
percent of the respondents chose Program A 
over Program B and 78 percent chose Pro- 
gram D over Program C. This difference can 
be traced to the different frames implied by 
the two problems. The “save lives" wording 
of the first problem implies that the value 
function's reference point is the loss of 600 
lives, while the “people will die" wording of 
problem 2 suggests that the reference point is 
at no lives lost. Thus problem 1 falls in the 
concave gain region of the value function 
while problem 2 is in the convex loss region. 
Another study, surveying physicians and pa- 
tients regarding choice of radiation vs. surgi- 
cal treatments for lung cancer, produced dif- 
ferent decisions when relevant statistics were 
changed from probabilities of surviving for 
various lengths of time after treatment to 
probabilities of not surviving (Barbara Mc- 
Neil et al., 1982). 

Another example of framing effects has 
been presented by Kahneman and Tversky 
(1982). 

Problem 1. Imagine that, in addition to 


. whatever else you have, you have been given 


$200. You are now asked to choose between 
(A) a sure gain of $50 and (B) a 25 percent 
chance of winning $200. and a 75 percent 
chance of winning nothing. 

Problem 2. Imagine that, in addition to 
whatever you have, you have been given a 
cash gift of $400. You are now asked to 
choose between (C) a sure loss of $150, and 
(D) a 75 percent chance of losing $200 and a 
25 percent chance of losing nothing. 

Most people choose A over B and D over 
C. Yet, the options presented in the two 
problems are identical. There is no valid 
reason to prefer the gamble in one version 
and the sure outcome in the other. Choosing 
the.sure gain in the first problem yields a 
total gain of $200 plus $50, or $250. Choos- 
ing the sure loss in the second version yields 
the same result through the deduction of 
$150 from $400. The choice of the gamble in 
either problem yields a 75 percent chance of 
winning $200 and a 25 percent chance of 
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winning $400. If the respondents to thése 
problems took a comprehensive view of the 
consequences, as is assumed by theories of 
rational decision, they would combine the 
bonus with the available options and evaluate 
the composite outcome. Instead they ignore 
the bonus and evaluate the first problem as a 
choice between. gains and the second as a 
choice between losses. The reversal of prefer- 
ences is induced by reframing the problem. 

We have used the framing and reference 
point notions to explain the finding that the 
certain loss of a stated amount of money (for 
example, $50) was much more attractive when 
described as an insurance premium (to 
safeguard against a .25 chance of losing $200) 
than when it was described as an alternative 
to playing that same.gamble (see our article 
with Baruch Fischhoff, 1982a; see also Paul 
Schoemaker and Howard Kunreuther, 1979, 
and John Hershey and Schoemaker, 1980, 
for similar results). 


IIl. Where Next? 


We have presented a sample of the sorts of 
preference reversals that have formed our 
understanding of choice processes or have 
been created from that understanding. Those 
who are concerned about the possible eco- 
nomic implications of these phenomena have 
several paths to consider. One is to continue 
to subject these studies to the sorts of scrutiny 
that Grether and Plott and others have ap- 
plied to the inconsistency between prices and 
choices. Despite the claims by Tversky and 
Kahneman (1981) that the effects they de- 
scribed are large and systematic, associated 
with losses of human life as well as monetary 
outcomes, not restricted to hypothetical 
questions, nor eliminated by monetary incen- 
tives, this line of research is young and there 
is certainly a need to test the limits and 
robustness of its findings. 

A second path is to modify utility theory 
in order to accommodate as many of the 
behavioral anomalies as possible without 
abandoning the theory altogether. This has 
been a popular direction in recent years. A 
number of theorists have proposed weaken- 
ing or eliminating the substitution axiom in 
order to accommodate the Allais paradox 
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(Maurice Allais, 1953) and certain other vio- 
lations of the traditional model (see S. H. 
Chew and Kenneth MacCrimmon, 1979; 
Peter Fishburn, 1981; Robert Weber, 1982; 
Hector Munera and Richard de Neufville, 
1982; and Mark Machina, 1982). However, 
none of these revamped models can explain 
the framing effects described by Tversky and 
Kahneman (1981) or the preference. reversals 
among P bets and $ bets. Indeed, Machina 
acknowledged that, "to the extent that pref- 
erence reversals are found to be systematic 
and pervasive, the behavioral model pre- 
sented here must either be generalized or 
replaced" (p. 308). 

A third path to follow, and one that we 
would advocate, is to accept the reality of 
preference reversals and related informa- 
tion-processing phenomena, and to explore 
their implications for important social and 
economic behaviors. We have begun to do 
this with regard to problems of societal risk 
management and programs for informing the 
public about risk (see our study, with Fisch- 
hoff, 1982b). Similarly, March (1978, 1982), 
whose critique went far beyond information 
processing to encompass complex strategic 
and social motivations, has urged that a con- 
ception of preference that respects the “intel- 
ligence of ambiguity” be incorporated into 
what he calls “the engineering of choice.” He 
identified a number of conceptual problems 
that need to be addressed by choice theorists 
and optimization problems that need to be 
considered by choice engineers. 

In a narrower but nonetheless important 
vein, Hershey, Kunreuther, and Schoemaker 
(1982) have demonstrated biases in utility 
functions caused by information processing 
effects. They showed that methods for 
assessing utilities, varying in normatively in- 
consequential ways, produced very different 
utility functions, posing both practical and 
theoretical problems for those concerned with 
assessing people’s risk preferences. Donald 
Wehrung, MacCrimmon, and K. Brothers 
(1980) obtained similar inconsistencies with 
business executives, leading them to question 
the use of utility theory as a management 
tool. A more general analysis of the difficul- 
ties of assessing preferences has been 
presented by Fischhoff and ourselves (1980). 
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Fischhoff et al. argue that the strong effects 
of framing and information-processing con- 
siderations make elicitation methods major 
forces in shaping the expression of one's 
personal values. 

Robin Gregory (1982) investigated a num- 
ber of different approaches for estimating 
the value of nonmarket goods such as air and 
water quality, protection of threatened en- 
vironments and species, and access to unin- 
habited views. He examined two measures of 
economic value; one based on an individual's 
willingness to pay: to obtain or retain a good 
and the other based on the amount of com- 
pensation demanded if it is relinquished. He 
found that both methods were subject to 
sizable framing and information-processing 
effects. 

Richard Thaler (1980) has drawn upon the 
reference point and framing notions of 
Kahneman and Tversky to explain a number 
of “economic illusions" that cause consumer 
behavior to deviate from the predictions of 
normative models. Included in his analysis 
were the overweighting of out-of-pocket costs 
relative to opportunity costs (foregone gains), 
the failure to ignore sunk costs, and the 
effects of psychic regret on such diverse areas 
as health care delivery decisions and vaca- 
tion planning. Thomas Russell and Thaler 
(1982) argued that departures from rational- 
ity due to information-processing effects are 
unlikely to disappear in competitive markets. 
Kenneth Arrow (1982) underscored this 
argument by pointing out a number of 
failures of the rational model in insurance, 
securities, and futures markets that he feels 
are directly interpretable in terms of effects 
such as those linked to preference reversals 
and framing. 


IV. Conclusion 


This review has attempted to show how 
preference reversals fit into a larger picture 
of information-processing effects that, as a 
whole, pose a collective challenge to prefer- 
ence theories far exceeding that from rever- 
sals alone. These effects seem unlikely to 
disappear, even under rigorous scrutiny. 
Moreover, anything less than a radical mod- 
ification of traditional theories is unlikely to 
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accommodate these phenomena. We urge 
economists not to resist these developments 
but, instead, to examine them for insights 
into the ways that decisions are made and 
the ways that the practice of decision making 
can be improved. 
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. The Generalized Theory of Transfers and Welfare: 
Bilateral Transfers in a Multilateral World 


By JAGDISH N. BHAGWATI, RICHARD A. BRECHER, AND TATSUO HATTA* 


Paul Samuelson's (1952, 1954) classic 
papers on the transfer problem addressed 
two separate analytical issues: the “positive” 
effect of a transfer on the terms of trade; and 
the welfare effect of the transfer on the donor 
and the recipient. 

Since then, a considerable body of litera- 
ture has grown up on the positive analysis. 
While Samuelson (1954) himself had ex- 
tended the 2X2X2 free trade analysis to 
allow for tariffs and transport costs, subse- 
quent writers have analyzed other extensions 
of the model: for example, to allow for non- 
traded goods as with leisure in Samuelson 
(1971); or general nontraded goods in John 
Chipman (1974) and Ronald Jones (1970, 
1975). 

Remarkably, however, the welfare analysis 
of transfers has not paralleled these develop- 

.ments. Since Wassily Leontief (1936) pro- 
duced an example of immiserizing transfer 
from abroad and Samuelson (1947) argued 
that the example required market instability, 
the proposition that has monopolized atten- 
tion has been that a transfer in the conven- 
tional 2X 2 X2 model in its free trade version 
cannot immiserize the recipient or enrich the 
donor as long as world markets are stable (in 
the Walras sense). Interestingly, Samuelson 
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(1954), who did extend the positive analysis 
to include tariffs, did not go on to ask 
whether immiserization of the transfer recip- 
ient (and hence symmetrically enrichment of 
the donor in a two-country model) could 
now arise consistent with market stability. 
Recently, the welfare analysis of transfers 
has been extended in two different direc- 
tions, both apparently unconnected, and both 
yielding the conclusion that transfers from 
abroad can be immiserizing (and that the 
donor may improve its welfare) despite 
market stability. One route to this conclusion 
has been the introduction of a third eco- 
nomic agent (or country) that is outside of 
the transfer process. In the Appendix of his 
1960 paper analyzing the interaction between 
trade policy and income distribution, Harry 
Johnson discussed the possibility of welfare- 
paradoxical redistribution between two fac- 
tor-income classes (capital and labor) in an 
open economy, thereby providing what can 
be interpreted as a treatment of the three- 
agent transfer problem for the case in which 
donor and recipient are both completely spe- 
cialized in the ownership of a single different 
factor! An independent analysis of the 
three-agent transfer problem, using a restric- 
tive model with given endowments of goods 
and fixed coefficients in consumption, was 
also undertaken in an important paper by 
David Gale (1974).? Brecher and Bhagwati 


‘After the present paper was submitted for publica- 
tion, and following its presentation at Rochester, our 
attention was drawn to this Appendix, which was no- 
ticed by a student of Ronald Jones. Subsequently, we 
learned from Makoto Yano that Motoshige Itoh had 
pointed out an important related paper by Ryuotaro 
Komiya and T. Shizuki (1967), whose condition (11) for 
the Johnson case anticipated our equation (12) below. 
We are grateful for having both of these references 
brought to our attention. 

2Gale constructs an example in which the donor is 
enriched along with the recipient. Furthermore, this 
immediately implies that a reverse transfer will immis- 
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(1981) also independently pioneered this 
analysis in the context of a three-agent model 
where the recipient country is split into one 
subset of “national” factors and another of 
“foreign” factors, and the conditions for the 
immiserization of the national factors after 
receiving a transfer from abroad are analyzed 
and shown explicitly to be consistent with 
market stability. 

Another route has been to consider 
transfers in the presence of exogenously 
specified domestic distortions. Thus, Brecher 
and Bhagwati (1982) have analyzed the case 
of a transfer in the presence of a production 
distortion in the recipient country and shown 
that the recipient can get immiserized despite 
market stability if the recipient’s “overpro- 
duced” good is inferior in the donor’s con- 
sumption. Hatta, in an early unpublished 
paper (1973a), has also demonstrated for a 
closed economy with constant-cost produc- 
tion that a transfer between two agents, when 
there is a distortionary wedge between pro- 
ducer and consumer prices, could immiserize 
the recipient consistent with market stability. 
Peter Diamond (1978) has also recently con- 
sidered the welfare impact of transfers when 
a price distortion exists in an economy with 
convex technology, and he gives compara- 
tive-static results that are consistent with 
paradoxes. 

This recent proliferation of paradoxical 
cases of immiserizing transfers (and enrich- 
ing transfer payments) is reminiscent of the 
earlier multiplication of cases involving im- 
miserizing growth, with Bhagwati’s (1958) 
analysis of the case of a large country in free 
trade being followed by Harry Johnson’s 
(1967) analysis of the case of a small country 





erize the (new) recipient. A simple calculation, more- 
over, shows that the Gale example is Walras-stable. 
Gale’s work has stimulated a number of papers, most of 
which assume fixed commodity endowments and/or 
fixed consumption coefficients. A notable exception is 
an analysis of the three-agent transfer problem by 
Makoto Yano (1981), who introduces substitutability in 
both production and consumption. (We are grateful to 
Ronald Jones and Peter Neary for drawing our attention 
to Yano’s work, after the research for the present paper 
was virtually completed.) A fuller discussion of these 
and related papers, in an evidently growing and im- 
portant literature, is provided by us (1982b) elsewhere. 
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with a tariff? The latter proliferation led to 
the generalized theory of immiserizing growth 
(Bhagwati, 1968b) whose major, influential 
proposition is that growth, in the presence of 
a distortion implying departure from full 
optimality, can be immiserizing since the 
primary gain from growth at optimal policies 
may be outweighed by an accentuation of 
the loss from the distortion vis-à-vis the opti- 
mal policies. 

Can a similar, striking generalization be 
developed in regard to the transfer-induced 
paradoxes? It is the general conclusion of 
our analysis in this paper that, indeed, it can. 
We demonstrate that the phenomenon of 
immiserizing transfers from abroad (and the 
analytically symmetric phenomenon of en- 
riching transfer payments) in the presence of 
market stability can arise only if there is a 
distortion characterizing the economy in 
question. 

This general conclusion is critically depen- 
dent on our demonstration below that the 
three-agent case, which appears prima facie 
to involve no distortion while producing the 
noted paradoxes, is indeed characterized by 
what Bhagwati (1971) has called a foreign 
distortion, since the country is not using an 
optimal tariff. Moreover, the exercise of their 
joint monopoly power by the recipient and 
donor (viewed as members of a customs 
union) vis-a-vis the nonparticipant agent will 
be shown to eliminate the paradoxes in ques- 
tion. 

Thus, in Section I, we develop the basic 
analysis of transfers when there are two eco- 
nomic agents (countries) engaged in the 
transfer process, but there is an added agent 
outside the transfer process so that we have a 
bilateral transfer in a multilateral context. 
Conditions are established for immiseriza- 
tion of the recipient, for enrichment of the 
donor and for the “double perversity” when 
these two paradoxical outcomes arise simul- 
taneously. Economically intuitive explana- 
tions of these results are derived in a number 
of alternative ways. 


3Robert Aumann and B. Peleg (1974) have re- 
discovered, in a restrictive model with no substitution in 
production, the immiserizing growth case of Bhagwati 
(1958). See also Bhagwati (1982). 
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In Section II, yet further intuition on these 
results, in consonance with the theory of 
immiserizing growth, is arrived at, and suit- 
able geometry of the three-agent transfer 
problem is simultaneously developed. Im- 
portantly, the role of inferionty in con- 
sumption or inelastic foreign demand. is 
established in making feasible the perverse 
outcomes, which are shown to involve a for- 
eign distortion (correctable by a uniform op- 
timal tariff policy applied jointly by the 
donor and the recipient against the nonpar- 
ticipant). In turn, this establishes an interest- 
ing parallel between the conditions for the 
immiserizing-transfer paradox in the three- 
agent, foreign-distortion case and the condi- 
tions established in Bhagwati's (1958) immis- 
erizing-growth case which also involves a 
similar foreign distortion (ie., growth for a 
large country that is failing to use an optimal 
tariff because of its free trade policy). 

Section III then presents the implications 
of our results for some important theoretical 
and policy problems in both international 
and closed-economy contexts. 


I. Transfers with Three Agents: 
Model and Analysis 


We begin with a formal analysis of the 
three-agent transfer problem, drawing on du- 
ality theory in terms of compensated de- 
mand functions, which have been introduced 
into the welfare-theoretic analysis of interna- 
tional trade by Hatta (1973b, 1977), Hatta 
and Takashi Fukushima (1979), and most 
notably and comprehensively by Avinash 
Dixit and V. Norman (1980), although earlier 
applications such as indirect utility functions 
are to bé found also in the work of Chipman 
(1972). i 


A. The Model 


Consider a world economy consisting of 
. three countries: a, B, and y. (While the anal- 
ysis is couched in terms of three countries, it 
is applicable immediately to a closed-econ- 
omy context with three agents within the 
economy, or to a two-country international 
economy where one country is disaggregated 
into two groups as in Brecher-Bhagwati, 
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1981.) Each country produces and consumes 
two goods, X and Y. Free trade and perfect 
competition prevail. 

Now, suppose that country a makes a 
transfer to country y. Country B does not 
participate in the transfer process. We will 
call a the donor, y the recipient, and B the 
nonparticipant *outside" country. The objec- 
tive of the analysis will be to determine the 
effect of the transfer on the welfare levels of 
the three countries. 

The following notation will be used in 
presenting our model: 

q= the relative price of good X, 
u'= the welfare level of country i, 
T —the value of the transfer in terms 
of good Y, 
e'(q, u')= the expenditure function of coun- 
try i, 
r'(q)= the revenue function of country i, 
x'(q, u')= the compensated import-demand 
function for good X by country i, 
for i= a, B, y. 

We then define an overspending function c' 

as follows: 


c'(q, u^) = e'(a, u')— r'(a). 


Evidently, the value of this overspending 
function represents the difference between 
the expenditure necessary to achieve the util- 
ity level u' when the goods-price ratio is q 
and the revenue of the producers of country i 
at the same price ratio. Thus, c' is the amount 
of added revenue (i.e., transfer income) that 
is necessary for this country to sustain u' 
when the price ratio is q. 

Using this notation, we can write our 
model as follows: 


(1)  c*(q,u*)- T0, 
Q) c^(q, u^) — 0, 
(3  ec(qu)-T-0, 
(4) x*(q,u*)- xP(q,uP)-- x'(q,u") — 0. 


i — a, B, y. 


This model of four equations contains four 
variables: u^, u®, uY, and q. Equations (1)-(3) _ 
are the budget equations for the respective 
countries, while equation (4) is the market 
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equilibrium condition for good X. (In view 
of Walras' Law, the market-clearing equation 
for good Y has been omitted.) 


B. Comparative Statics 


We now examine the impact of an exoge- 
nous increase in 7' upon the variables of the 
model above. Throughout the paper, sub- 
scripts always indicate partial differentiation 
with respect to a particular variable; for ex- 
ample, c; = 0c?/0u^ and x1 = ðx!/ ðq. The 
following theorem can now be derived. 


THEOREM 1: Assume (without loss of gener- 
ality) that e? — e? — eY—1 initially; and let 
A x%e 2 PaB A xxt x), where x, = xa 
+ x + xi. Then 


(5) dg/dT- (xi -x2)/. 
(6) du*/dT = [x, — x( x8 — x1)]/5. 


q 


() afar -— [xP(x- x2)]/5,- 
(8) aur/aT = —|x - xf (xf —x2)] /A. 


q 
PROOF: 

Taking the total differential of (1) through 
(4), applying the assumptions of the theorem, 
and using the well-known property that c; 

x! (for i= a, B, y), we obtain 


0 0 x*i||du* -1 


1 

0 1 0 xP| dy 

a.u»! cde Ae aut] |) ie 
x, xh xy x, || dq 0 


Applying Cramer's Rule to this system and 
taking notice of (4), we immediately obtain 
the theorem. 

It is readily shown that A equals (minus) 
the slope of the general equilibrium, excess- 
demand schedule of good X for the world as 
a whole.^ Thus, the Marshall-Lerner condi- 


*First use equations (1), (2), and (3) to write u^ 
»*(q, T), uf — v? (q) and u”=v¥(q, T), respectively. 
Then define x?[q, »%(q, T)] - xf[q, »?(q)] + 
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tion for (Walrasian) stability implies that 
A0. 
Note also that equations (5) and (7) yield 
du®/dT > 0 if and only if — xê dg/dT » 0. 
Thus, the welfare of the country not involved 
in the transfer improves if and only if the 
price of its export good goes up as a result of 
the transfer—as is indeed immediately evi- 
dent. 


C. Paradoxes: Enrichment of Donor and 
Immiserization of Recipient 


The welfare impacts of a transfer upon the 
donor and the recipient, however, are not as 
simple as this. In the remainder of this sec- 
tion, therefore, we will give various interpre- 
tations of Theorem 1, to shed more light on 
the conditions under which the paradoxes of 
immiserized recipient and enriched donor 
arise. Note immediately, however, that if 
either x? =0 or (x£—x1)-0, that is, if 
either B’s net trade is zero or B and y share 
an identical marginal propensity to consume 
X,’ the second term in the numerator of the 
right-hand side of (6) is zero. In this case, 
equation (6) reduces to du'/dT =x 4/5, 
which is, of course, the familiar expression 
for the welfare effect on the donor in the 
two-country analysis. With A > 0 and x, « 0, 
du?^/dT must be negative, that is, the donor 
must be immiserized. When the only trade 
partner of the donor is the recipient, or when 
the recipient and the nonparticipant share an 
identical marginal propensity, therefore, the 
welfare impact on the donor is as if we were 
in a two-country world, and the donor 
paradox never arises. A symmetric conclu- 
sion can be derived for the welfare effect on 
the recipient from equation (8). 

Generally, however, the second term in the 
numerator of the right-hand side of (6) or (8) 


x'Y[q,v*(q,T)] & x(q, T), which is the world's un- 
compensated excess-demand function for good X. Now, 
we have v dn = xg t xur + xf + xd»? +x + xig = 
— x*x$— x xB — x*x1 d x, um =å. 

5As may be readily verified, the marginal propensity 
to consume good X in country i equals qx!,/e!, for 
i-a,f,y. Therefore, if B and y share an identical 
marginal propensity to consume X, this implies that 
x = x1 (recalling the normalization that ez = ef = ez 


=1). 
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can cause paradoxical welfare effects, and we 
have the following necessary conditions for 
the paradoxes: 





(9) A > 0 implies that xP(x£ — x7) <0, 
du* E x Bí 8 a 
(10) -zr <0 implies that x (x8 — x2) <0. 


In fact, (6) and (8) make it clear that when 
"m 0 (Le., when substitution effects are as- 
sumed away), the second inequalities in (9) 
and (10) are not merely necessary but also 
sufficient conditions for the paradoxes. And 
it is equally clear that if x, is sufficiently 
negative (i.e., if X and Y are readily substi- 
tutable in production and consumption), the 
paradoxes are unlikely to occur. 


D. Decomposition of Welfare Changes 


In further understanding our results in 
Theorem 1, note first that the right-hand 
sides of (6)-(8) contain the x}, terms for all 
countries i (=a, B, y), except for the one 
whose welfare is stated by the equation in 
question. Let us now examine why this curi- 
ous fact holds; it leads us into an insightful 
way of looking at our results." 

For this purpose we may conceptually 
decompose the transfer from a to y into two 
stages. At the first stage, a gives transfers to 
both B and y in proportion to their initial 
import demand for X." At the second stage, B 


6This might explain why Gale (1974), who tried to 
construct an example of donor enrichment, wound up 
assuming fixed coefficients in consumption (with fixed 
coefficients in production also implied by his exchange 
model) and confessed his inability to admit "smooth 
preferences." Interestingly, the absence of smooth pref- 
erences also characterizes the examples that Gale attri- 
butes to other major mathematical economists such as 
Drezé and McFadden. Just recently, Daniel Leonard 
and Richard Manning (1982) provided a paradoxical 
example involving smooth preferences within an ex- 
change model. : 

7In Section II and in fn. 15 below, we spell out an 
alternative way of seeing why the income terms of only 
the two “other” countries appear in equations (6) and 
(8). 
® That is, when a gives out a transfer of one unit of Y, 
B receives xP/(xP-- x") units of Y and y receives 
xY/(xf + xY) units of Y. If these ratios are positive, 
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gives y what it received from a in the first 
stage, with the final situation ending up 
therefore as equivalent to the actual transfer 
going exclusively from a to y. The welfare 
effect on the donor « can then be decom- 
posed into two effects corresponding to these 
two stages. 
Rewriting (6), we have? 


(11) du/dT — x,/h 


xh (xB + xnxP - xL) 
(x8 + x7) A i 


Now it is possible to show that the first stage 
leads to the first term on the right-hand side 
of (11).? Making transfers to every other 
country in the world economy in proportion 
to its initial import demand for X is there- 
fore tantamount to making a transfer to the 
other country in a two-country context! This 
process therefore results in a negatively 
signed term; the paradox of donor enrich- 
ment cannot come from this stage. 

On the other hand, the second stage leads 
to the second term on the right-hand side of 
(11). The sign of this term depends exclu- 


both countries receive positive amounts of transfer. If 


. xB/(xP + x) is negative, B receives a negative transfer, 


viz, it gives a transfer of — xB/(xP + x") to a. In this 
situation, y receives one plus — xH (P t x) units of 
Y, since x'/(xP + xY) =1— xf/(x? + xY). Similarly, y 
gives a positive transfer to a when xY/(xP + xY) is 
negative. 

9The reader can similarly rewrite (8) for the welfare 
effect on the recipient, y. 

IO To see this, appropriately exploit the essence of the 
result in (6). A unit transfer from a to f implies 


(a) du*/dT = [x, - x'(xi- x£)]/^. 
and from a to y implies 
(b) du?/dT^* = [xg x^(x£ - x1)]/A. 


With actual transfers in the first stage divided according 
to the ratios xP/(x£ + xY) and x'/(xP + xY) between B 
and y, these ratios should be multiplied into (a) and (b), 
respectively. Adding the resulting equations yields x, /A. 

. UThis readily follows from appropriately using the 
essence of the result in (7) and the fact that x4/(x* + x") 
represents the share of the transfer fj received at the first 
stage and hands out to y in the second stage. Equation 
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sively on the direction of the price change 
caused by the second-stage transfer. We al- 
ready know from (9) that xP(x£ — x1) < 0 is 
a necessary condition for the paradox of 
donor enrichment, and why this occurs is 
readily seen from (11) and the second-stage 
argumentation. 


E. Alternative Necessary Conditions 
for Paradoxes 


We now turn to an alternative, equally 
insightful way of looking at Theorem 1. We 
first establish a set of necessary conditions 
for the paradoxes of donor enrichment and 
recipient immiserization. Then, it will be 
shown how these conditions are also neces- 
sary for price amplification effects which 
further help to explain the paradoxical possi- 
bilities. 

Take again the case of donor welfare, and 
apply the Slutsky equation to (6) to get'? 


(12) du“ _ (xt + xy ifa xfi) 
dT A 


where X/(q) is the uncompensated import- 
demand function for country f. Now, given 
A 7 0, and assuming throughout the rest of 
this section without loss of generality that 
x? <0 (ie., country B exports good X), we 
see immediately that the donor can be en- 
riched only if either x? « 0, or x^» 0, or 
both. That is, if a transfer enriches donor a, 
then either X is an inferior good to the 
recipient y or the offer curve of the nonpar- 
ticipant outside country f is inelastic (such 
that the export supply of X by f falls as the 
relative price of X rises). 

Similarly, for the immiserization of the 
recipient, we must have du*/dT < 0, and this 


(7) applies since, when f makes a transfer to y, the 
welfare effect on a is as if a is the nonparticipant, 
outside country; the resulting welfare impact on @ per 
unit transfer from f to y is 

de x*Qxi- x$) 


(x  xY(x£ - xz) 
dTf* A A ` 


“Substituting 7 = x? — x/x^ into (6) and recalling 
=x" B Y vi 
Xqg=xgtxg +x} yields (12). 
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can be shown to imply that either xz « 0 or 
X5 > 0 or both. 

To understand more fully why these con- 
ditions are necessary for the paradox of (say) 
donor enrichment, the Slutsky equation and 
(4) may be used straightforwardly to rewrite 
the stability condition as A= x^(xz — x1)— 
xe — x1 —(38 + xPx1)- 0. If (88 + x&xD- 
0— which can happen only if either xe -0or 
xY«0 (given still that x^ < 0)— A will be 
smaller than in the two-country case (in 
which zÉ — x? =0), ceteris paribus. There- 
fore, the price change measured by equation 
(5) is amplified by the presence of the third 
(nonparticipant) country f. If this price- 
amplification effect applies to an improve- 
ment in the terms of trade for a, the donor 
may be paradoxically enriched by the trans- 
fer, even though the (smaller) terms-of-trade 
improvement in the two-country case cannot 
be great enough for the paradox of donor 
enrichment. By similar reasoning,? if B's 
offer curve is inelastic or good X is inferior 
for a, an amplified deterioration in y’s terms 
of trade may be great enough for the para- 
dox of recipient immiserization. 

These necessary conditions for an interna- 
tional transfer paradox are, interestingly, 
analogous to those established by Bhagwati 
(1958) for immiserization due to domestic 
growth (in the form of factor-endowment 
expansion or technological improvement). As 
he showed, the paradoxical possibility of im- 
miserizing growth requires that either growth 
be ultra-biased against production of the im- 
portable (i.e., the importable be an “inferior” 
good in production) or the foreign offer curve 
be inelastic. This analogy suggests im- 
mediately that, if immiserizing growth para- 
doxes are attributable to the presence of 
distortions, as shown in Bhagwati (1968b), it 
should be possible to interpret the present 
transfer analysis in the three-agent context 
also as one where the paradoxes of immis- 
erized recipient and enriched donor arise only 
when a distortion is present. The distortion 


Tn this case, the Slutsky equation and (4) should be 
used to rewrite the stability condition as 


-x'( xY — x?) — x2 — xY — x8 — Bye 
A x'(xi-xy)- xg — x) X5 xixa 0. 
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here, as in Bhagwati (1958), must again arise 
as a foreign distortion in the sense of Bhag- 
wati (1971); that. is, the failure to exploit 
monopoly power in trade. Indeed, this can 
be demonstrated, as in Section II below. 


II. Viewing Three-Agent Paradoxes as 
Resulting from Foreign Distortion 


We now proceed to demonstrate that the: 


perverse welfare responses to bilateral trans- 
fers in the multilateral framework of three 
agents are attributable to the presence of a 
foreign distortion, and that the introduction 
of a suitable optimal tariff that eliminates 
this distortion will rule out the paradoxes. 
We first demonstrate this geometrically, using 
a technique that is suitable for “large” (as 
well as small") transfers. 


A. The Geometry of the Free Trade Case 


- We begin by illustrating in Figure 1 the 
possibility of a perverse welfare response to 
bilateral transfer in the three-agent case. For 
convenience of exposition without.loss of 
generality, the diagram treats countries a 
and y as partners of a customs union en- 
gaged in (free) trade with country B. (This 
treatment takes on more than expositional 
importance in Part B below, when a and y 
uniformly impose an optimal tariff policy 
against f.) In the initial pretransfer equi- 
librium, the union produces on its produc- 
tion-possibility frontier Q,0, at point Q, 
consumes on its Scitovsky (1942) frontier 
S,S, at point S, and trades with country £ 
from point Q to point.S along the price line 
QS. To avoid cluttering the diagram, we 
have not drawn country £’s offer curve, 
` which starts at point Q and passes through 
point S. For the sake of concreteness only, 
let country f. be again an exporter of com- 
modity X (ie., x* « 0) while country a im- 
ports this good (with x“ > 0). 
Now, with country a making a transfer to 
country y, suppose that the former’s terms of 


V For further details on the use of production-possi- 
bility and Scitovsky frontiers corresponding to a pair of 
countries involved directly in a bilateral transfer, see 
Brecher and Bhagwati (1982). 
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FIGURE | 


trade consequently improve because the 
marginal propensity to:consume good X is 
greater for country a than for its union 
partner. Figure 1 illustrates the borderline 
case in which the terms-of-trade improve- 
ment is exactly enough to leave country a's 
welfare unchanged, despite the transfer. The 
union shifts in production to point Q" on 
curve Q,Q,, and. moves -in consumption 
to point S’ on curve S,S;, which is another 
Scitovsky frontier in the map corresponding 
to a constant level of country a's welfare. 
Country f's offer curve (still not drawn) 
now starts at point Q' and passes through 


: point S". 


In Figure 1 as drawn, good X is clearly 
inferior for the union as a whole. This inferi- 
ority, moreover, must characterize country y 
in particular, since country a’s welfare is 
constant throughout. the entire Scitovsky 
map. By contrast, no such. inferiority would 
be implied if curve SS; were redrawn to 
touch line Q’S’ at point S" (lying east of 
point S), while country B's offer curve (not 
shown) were redrawn to pass through point 
S" when starting at point Q'. In this alterna- 
tive case, however, the offer curve of country 
PB must be inelastic, because a deterioration 
in this country's terms of trade is now associ- 
ated with a rise in exports to the union. 
(These two alternative conditions are, of 
course, those already established in Section I, 
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Part E, above for the paradox of donor en- 
richment.) 

By similar reasoning, an actual rise in 
country a's welfare, in response to a transfer 
to country y, might occur provided that either 
good X is inferior in the latter country or the 
offer curve of country B is inelastic. This 
paradoxical possibility would occur in Figure 
1 if country B's offer curve (not drawn) were 
respecified to cross line Q'S' southeast of the 
consumption point S’ (or alternatively S’’) 
after starting at the production point Q’. In 
this case, after the transfer, there would re- 
main a world excess supply of good X if q 
fell only enough to leave u* constant at the 
initial (pretransfer) level. Thus, given stabil- 
ity, country a’s terms of trade would ulti- 
mately have to improve still further, thereby 
leading to the paradox of donor enrichment. 

Essentially the same argument shows that 
country y might incur a welfare loss from 


I5In determining whether there remains a world ex- 
cess supply of good X when q is adjusted to keep u“ 
constant after the transfer, clearly the substitution effect 
but not the income effect plays a role in (the 
unchanged-welfare) country a, whereas both of these 
effects are relevant in countries £ (as u? varies with q) 
and y (as u* varies between Scitovsky frontiers). Thus, 
we have additional insight into why the income effects 
x and x7 but not x? enter the necessary condition (9). 
Similar reasoning sheds extra light on (10). 

Two further remarks are in order. First, the use of 
the Scitovsky technique to analyze welfare changes here 
is only a natural counterpart to the two-stage derivation 
technique used by trade theorists in positive analyses. 
Thus, if the impact of a parametric change on the terms 
of trade is analyzed, one can hold the terms of trade 
constant, compute excess demand for one of the two 
goods, and then use the stability condition to determine 
the direction of the terms-of-trade change, a procedure 
introduced by Johnson, Mundell, and many other trade 
theorists in the 1950's. Identically, if one is interested 
instead in welfare change (of say the donor), one can 
equally hold welfare (of the donor) constant, compute 
excess demand, use the stability condition to determine 
the terms-of-trade change and then immediately the 
welfare change. This was, in fact, the procedure utilized 
in the analysis of immiserizing growth in Bhagwati 
(1958); and for the transfer problem, it leads naturally 
to the resurrection of the Scitovsky curves, as in the text 
above. Second, the use of Scitovsky curves in analyzing 
the transfer paradoxes was introduced éarlier in Brecher 
and Bhagwati (1982). Whereas our Scitovsky technique 
easily handles large changes, the use of the two-stage 
holding-welfare-constant technique for small changes 
has also been introduced in Yano (1981) who credits 
Ronald Jones for the idea. 
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receiving the transfer, provided that either 
good X is inferior in country a, or (as before) 
the offer curve of country fj is inelastic. If 
the required conditions for a perverse re- 
sponse in welfare hold simultaneously for 
both partners of the union, the transfer from 
country a to country y could raise the 
former's welfare and lower the latter's, im- 
plying a double perversity of outcomes. 


B. Optimal Tariff Against a 
Nonparticipant Country 


Consider now the following alternative 
ways of demonstrating how the use of an 
optimal tariff by the union rules out the 
paradoxes at issue. 


1. A Geometric Analysis. Consider the exten- 
sion of the preceding analysis to the case 
where the union of a and y always maintains 
a uniform, optimal tariff vis-à-vis f, the 
nonparticipant country. Thus, for each value 
of the domestic goods-price ratio in Figure 2, 
the union adjusts the tariff to set the world- 
price ratio at the level consistent with the 
Robert Baldwin (1948) envelope BE, given 
the union's production-possibility frontier 
Q,Q, and the offer curve QG of country f. 
To avoid cluttering the diagram, we have 
drawn this offer curve with its origin in only 
one of the many possible positions. Alterna- 
tively, if this origin were placed at point Q’ 
(instead of Q) for example, the offer curve 
would touch curve BE at point S’ (rather 
than S). Following a common convention, 
tariff revenues collected by each union mem- 
ber are returned to its consumers in lump 
sum fashion. 

This optimal-tariff policy must ‘result in 
the union consuming along its Baldwin 
envelope BE of Figure 2 in equilibrium. Ini- 
tially, the union produces on its production- 
possibility frontier Q,Q, at point Q, 
consumes on its Scitovsky frontier S,S, at 
point S, trades with country B along "the 
external-price line QS from point Q to point 
S, and imposes a tariff to create the propor- 
tional wedge between this price line and the 
(parallel) domestic-price lines (not drawn) 
tangent to curve Q,Q, at point Q and to 
curve $,S, at point s. 
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Good X 


FIGURE 2 


Now let the transfer take place from coun- 
try a to country y, and imagine what would 
hypothetically happen if the domestic rela- 
tive price of good X within the union fell 
exactly enough to leave the donor country 
a's welfare constant, despite the transfer. 
Under these circumstances, the union would 
move to point Q' in production, trade along 
the external-price line Q’S” with the rest of 
the world, and plan to consume at point S” 
on the Scitovsky frontier S'S% drawn for the 
initial level of country a's welfare. (For 
well-known reasons, the slope of curve Sy Sy 
at point S” equals the union's internal prod- 
uct-price ratio, given by the common slope 
of curves Q,Q, and BE at points Q' and S’, 
respectively.) In this way, an excess demand 
(represented by the length S'S”) for good X 
for the world as a whole would necessarily 
emerge, and the relative price of this good 
would have to rise to clear world markets 
under stable conditions. 

This implies that country a, “the donor, 

. cannot enjoy enrichment since the initial fall 
in the price of X which exactly offset the 
primary loss from the transfer would now be 
reduced, leaving a worse off. Similarly, we 


' J6Note that point S" in consumption must lie outside 
the curve BE, assuming that good Y is not sufficiently 
inferior to violate the Vanek (1965)-Bhagwati (1968a)- 
Kemp (1968) condition (discussed i in more detail by us 


elsewhere, 1982a) for stability in the presence of tariffs. 


See also fn. 17 below. 


' distortion such that DRS? = 


(14) 
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could establish that the recipient, y, cannot 
be immiserized. 

It follows, therefore, that the paradoxes of 
donor enrichment and recipient immiseri- 
zation cannot arise if the union of the donor 
and the recipient follows the policy of adopt- 
ing an optimal tariff that equates their 
domestic rates of (producer) transformation 
and (consumer) substitution to the foreign 
rate of transformation, such that DRS*= 
DRS' = DRT” = DRT* = FRT. Under free 
trade, however, the paradoxes become possi- 
ble since the situation suffers from a foreign 
DRS = DRT“ 
= DRT’ + FRT. 


2. Algebraic Analysis: The preceding geomet- 
ric analysis immediately suggests an ap- 
proach to a formal proof of the proposition 


that the union of «a and y, utilizing an opti- 


mal tariff against B, would not admit of the 
paradoxes in question. Thus we should be 
able to show that, if such a tariff were in 
place, the paradoxes would be ruled out. 
This can indeed be done as follows. 

Utilizing the model so far, we now dis- 
tinguish between q as the domestic relative 
price of X and p as the external price. Then, 
we write the foreign offer-curve function as - 
XP( p). Now, define the function p by 


(13) e(q. p) & (a- p) - **(p)]. 


If q and p take on their equilibrium values, 
then p(q, p) gives the tariff revenue of the 
union of a and y. Also, let p*(q) represent 
the value of p that maximizes p(q, p), given 
q, and define the function p* by 


e*(q) = lg, p*(a)]. 


Now, if the international market is in equi- 
librium with p = p*(q), so that p(q, p) takes 
on its maximized value p*(q) for the prevail- 
ing q, then it can be readily observed that the 
union must be operating on its Baldwin en- 
velope at the point where FRT equals that q. 
In this case, therefore, q — p*(q) is equal to 
the union's optimal tariff rate. Of course, 
there is no a priori guarantee that any arbi- 
trary g and the corresponding p*(4) are equi- 

ibrium values; in general, they are not. But 
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the observation above implies that if the 


union always sets the -tariff rate equal to 
q — p*(q) for the prevailing q, then this rate 
coincides with the optimal tariff rate when 
equilibrium is reached. The following result 
can now be established. 


LEMMA 1: If p = p*(q), then (q — p)x8 = 


PROOF: 
Recalling that the optimal tariff maximizes 


p given q, we have dp[q, p*(q)]/9p = 0, from. 


which the lemma follows immediately. 


Now, reformulate the model of this paper 
to allow for the union always imposing the 
tariff rate q — p*(q). Also assume that coun- 
tries a and y collect tariff revenues equal to 
[qd — P*(q)]x*(q, u“) and [q — p*(q)] 
x'(q,u*), respectively. (Thus, we implicitly 
assume: that both union members import 
good X from country B, although the results 
of the analysis would be essentially unaf- 
fected if one member received all of the tariff 
revenues because the partner imported noth- 
ing from f.) The overspending functions c* 
and c* are now given by 


(15) e*(q,u7) = e*(q, u*)- r*(a) 

—[a - p*(q)]x*(4,u*), 
(16) e(q Y) m et(q,u")- (a) 
| 000 7 [a7 p*(a)]x*(a; 7). 


Then, our full revised model is given by 


(7) e(q,u*)+7=0, 
(18) c'(g,u*)- T — 0, 
(19) — x"(gq,u*) * 3P[p*(a)] 
* qi): =0. 
This three-equation model has three vari- 


ables: u“, uY and q. 
The following theorem can be derived. 
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THEOREM 2: Jf. (17)-(19) hold and (by 
normalization) initially e2 = e =1, then 


(20) ` dg/dT- (xi xa) /Aea ct, 


Q1) du*/dT =x! /Nevc?, 


(22) at /aT = = x, /Nchel, 


where Ns-—x! t (cox 


N = = xg +(ogxu/ cu) + (rp / et) and 
x, zx, tX pP tx, A 


PROOF: - 
Taking the total differential of (17)-(19), 
we get " 
ce 0 cà -1 
0 c &||dat|=| !|aT. 
x. XQ xalda | 0 


We thus obtain 


- du — [ci x ee + c¥)xt] 
0» ^ n 


From (15) and (16), we get 

cia of = pr(x* x") (q - p*)(xs x1), 

and d-l-(a- p). 

Thus, we have | 

(24) [5 (eg e] 
= [xz - (a7 p*)xi(xz + £fpt + x1)] 
-[ potte- (a= PYG Da 
=x p-p [Ga- pst-stl-s E 


where the last expression follows from 
Lemma 1 and equation (19). Substituting 
(24) into (23) immediately yields (21). The 
other equations in Theorem 2 are derived 
Similarly. 
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It is evident then from (21) and (22) that, 
with Ac?c! > 0 owing to market stability," 
and with x^ < 0,'? we necessarily get du*/dT 
« 0 and dut/aT > 0. That is, the donor must 
be immiserized and the recipient must be 
enriched. Paradoxes cannot arise. 


3. A General Proposition. Now that we have 
demonstrated that the pursuit of an optimal 
tariff policy by the (union of the) donor and 
recipient jointly vis-à-vis the nonparticipant 
agent will rule out transfer paradoxes, in a 
Walras-stable context, we are able to see that 
the presence of a suitably interpreted (foreign) 
distortion is required in the three-agent case 
if the paradoxes are to arise.? At the same 
time, for the case of two agents, we know 
that exogenously imposed price distortions 
(for example, tax-cum-subsidies on produc- 
tion, consumption or trade) can also gener- 
ate the transfer paradoxes (in the presence of 
inferior goods), as established by Brecher 
and Bhagwati (1982) and ourselves (19822). 
We also know from the former paper, which 
analyzes transfer-induced distortions in the 
context of additionality requirements, and 
from the latter paper which analyses trans- 
fer-seeking DUP activities by domestic and 
foreign lobbyists, that endogenous (i.e., trans- 
fer-induced) distortions can also generate 
transfer paradoxes, consistent with Walras- 
jan stability. We can therefore now state the 
following general proposition: 


'7By reasoning similar to that of fn. 4 above, A’ = X7, 
where x'(q, T) = x*[q, »*(q, T)) - xPLp*(q)] + 
x'[g,v'(q, T)), while the indirect utility functions v“ 
and v* now come respectively from equations (17) and 
(18). Thus, Walrasian stability requires that 0 « A', Also, 
as explained by us elsewhere (1982a), c; and c% must 
both be positive to satisfy the Vanek-Bhagwati-Kemp 
condition assumed in fn. 16 above. 

'8as we move along the Baldwin envelope, p* > 0 
and z$ <0 are well-known properties of economic ef- 
ficiency. Thus, x7 + xP pat xlj«0. : 

While our analysis can be viewed therefore as 
essentially providing a conceptual way of integrating the 
many-agent problem into the theory of distortions and 
welfare, our result on optimal tariffs also has direct 
policy relevance. For example, if there are two income 
classes, rich and poor, in an open economy with mo- 
nopoly power in trade, we can definitely assert now that, 
if an optimal tariff is always in place, redistribution 
from the rich to the poor will not lead to paradoxical 
results. 
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PROPOSITION: The paradoxes of enriched 
donor and immiserized recipient cannot arise 
unless a distortion is present in the system. 


HI. Conclusion: Implications for Analytical 
and Policy Problems 


The foregoing analysis has important im- 
plications in a number of areas of theoretical 
and policy concern. 

International: (i) Our analysis of the. 
three-agent problem does modify the earlier 
theoretical presumption against the possibil- 
ity of stability-compatible paradoxes. (ii) 
Since, in the international context, repara- 
tions and aid are never given by one country 
to the “rest of the world," but are always 
bilateral transactions in a multilateral con- 
text, policymakers should be alert to the 
possibility that their intentions may be 
frustrated by paradoxical outcomes. (iii) As 
noted by.Brecher and Bhagwati (1981), the 
three-agent transfer problem has an im- 
mediate counterpart in the analysis of cus- 
toms unions with full: mobility of factors 
within the union. Thus, for instance, it is. 
possible for Italy to be immiserized within 
the EEC by receiving an aid inflow from the 
non-EEC world, under conditions estab- 
lished by us, consistent with market stability. 

Domestic: (i) Internal redistribution 


' from the rich to the poor may also be coun- 


terproductive under the conditions estab- 
lished here. Thus, if the poor receive the 
transfer from the rich while the not-so-poor 
outside group is a net exporter of food and 
the rich also have a lower marginal pro- 
pensity to consume food than the not-so- 
poor, then we know that the conditions are 
satisfied to make it possible for the poor to 
be immiserized by receipt of the transfer. (ii) 
The three-agent analysis also brings into 
sharp focus problems raised by the “basic 
needs" prescription that the targeted poor be 
given purchasing power to buy their nourish- 
ment et al. If this purchasing power is taken 
from the rich, the nonparticipant not-so-poor 
may well find that their real income is di- 
minished by a transfer-induced deterioration 
in their terms of trade (under an appropriate 
ranking of marginal propensities to con- 
sume), so that the poor become not-so-poor 
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whereas the not-so-poor are reduced to the 
ranks of the poor! Indeed, our three-agent 
analysis similarly implies a certain caution in 
treating famine relief through transfers of 
purchasing power to the distressed income 
groups. Unless a similar security net is avail- 
able elsewhere, you may then be pushing the 
malnourished not-so-obviously-starving poor 
(who are not receiving this purchasing power) 
below the line so that they are now ravaged 
by the famine. 

The Invisible Shakedown: Our analysis 
also suggests a generalization of the idea 
underlying Gale's (1974) example where both 
the donor and the recipient are enriched by a 
transfer, at the expense of the nonparticipant 
outside agent. What is implied here is a 
seemingly innocuous process that involves 
enrichment at the expense of an unsuspect- 
ing agent. Through this process, the outside 
agent is hurt, for the benefit of the transfer- 
process agents, in a fashion that is by no 
means perceived as such, unlike in overt and 
visible instances such as where an optimal 
tariff may be levied against that agent. 

Gale's example is, however, only one such 
instance: where the transfer is between the 
two agents (a and y) with the third agent 
(B) remaining outside of the transfer pro- 
cess. But it is easy to see that one of the two 
agents (say a) could equally exploit the third 
agent ( B) by making a direct transfer to it, 
immiserizing it while enriching itself (and 
even, if need be, the other agent, y): the 
conditions for this being readily established 
from equations (6)-(8) above. This is a clear 
case where a gift horse does need to be 
looked at in the mouth since, to mix meta- 
phors ever so slightly, it turns out to be a 
Trojan horse. 

The class of cases where (seemingly in- 
nocuous) transfers can improve the donor's 
welfare at the expense of either the direct 
recipient or an agent outside of the transfer 
process, or both, may then be christened 
generically as phenomena involving an qn: 
visible Shakedown. 
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Fisher's Paradox and the Theory of Interest 


By JEFFREY CARMICHAEL AND PETER W. STEBBING* 


Irving Fisher’s Theory of Interest has 
proved to be a most durable and influential 
contribution to economic theory. A central 
element of Fisher's contribution is the Fisher 
hypothesis that, over the longer term, the 
real rate of interest is approximately con- 
stant, being determined largely by time pref- 
erence, with movements in the nominal inter- 
est rate reflecting movements in the rate of 
inflation one-for-one. 

The paradox of the Fisher hypothesis is 
that, despite its wide acceptance as the 
cornerstone of interest rate theory, most em- 
pirical evidence appears to be inconsistent 
with the hypothesis, at least in its strictest 
form. This empirical anomaly was noted by 
Fisher himself, who attributed it to money 
illusion. In the fifty years following the pub- 
lication of the Theory of Interest, a consider- 
able literature has evolved around this 
paradox.! The unifying theme of this litera- 
ture is a common acceptance of the’ essence 
of Fisher's hypothesis. Most of the energy in 
this literature has been devoted to explaining 
systematic movements in the real ráte of 
interest, and to providing reasons why the 
relationship between the nominal interest rate 
and inflation may only be approximate in 
the real world. This paper attempts to shed a 
different light on the paradox. 


*Reserve Bank of Australia, 65 Martin Place, Box 
3947 GPO, Sydney, N.S.W. 2001. This work evolved 
from a paper prepared for a Conference on the Effects 
of Inflation in Australia, at the Australian National 
University, November/December 1981. We are grateful 
to Thomas Cargill, Pravin Trivedi, Mathew Butlin, Bill 
Norton, an anonymous referee, and colleagues at the 
Reserve Bank for helpful comments on earlier versions 
of the paper. The views expressed herein and any re- 
maining errors are our own and should not be attributed 
to any of the above or to our employer. 

'See Richard Roll for a review of the literature up to 
the early 1970's. More recent studies include Eugene 
Fama (1975, 1977), Patrick Hess and James Bicksler, 
Michael Darby, Thomas Cargill, Charles Nelson and G. 
William Schwert, John Carlson, Kenneth Garbade and 

` Paul Wachtel, Alexander Holmes and Myron Kwast, 
Kajal Lahiri, Maurice Levi and John Makin, Vito Tanzi, 
and Frederic Mishkin. 
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In this paper we argue that while Fisher's 
hypothesis involves a proposition about real 
capital, empirical tests of the hypothesis have 
used data about financial assets. The use of 
these data is not surprising, given the com- 
plete lack of adequate data about returns to 
capital? However, using data about financial 
assets to test a theory about real assets in- 
volves some implicit assumptions about the 
margins of substitution between money and 
financial assets on the one hand, and finan- 
cial assets and capital on the other. We sug- 
gest that when 'the nature of these two 
margins is considered more closely, the reluc- 
tance of the data to support Fisher’s hy- 
pothesis becomes less paradoxical. Indeed, in 
contrast with the widely expressed views of 
the literature, we argue that there is a simple 
explanation of the empirical regularities that 
is in no way incompatible with the principles 
of rational behavior. 

We suggest an alternative hypothesis that 
has its roots in the works of both James 
Tobin and John Maynard Keynes. We argue 
that, provided there is some regulation of 
interest rates (a rninimum degree of regula- 
tion being the nonpayment of interest on 
money balances) and provided there is a 
relatively high degree of substitutability be- 
tween money and financial assets, the Fisher 
hypothesis, as applied to financial assets, 
may be completely inverted. That is, in after- 
tax terms, we suggest that the nominal rate 
of interest on these assets may be approxi- 
mately constant over the longer term, with 
the real rate of interest moving inversely 
one-for-one with the rate of inflation. 

Section I presents a brief review of the 
theoretical justifications of both the Fisher 
and the inverted Fisher hypotheses. Since the 
hypotheses are mutually exclusive, the reso- 
lution of the issue should be empirical. Sec- 


?Probably the best source of data about returns to 
capital comes from earning yield information on equi- 
ties. These data approximate ex ante real returns under 
very restrictive assumptions. 
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tion II discusses the statistical properties of 
some empirical tests of the inverted Fisher 
hypothesis, and we show that the alternative 
hypothesis is easier to test than the conven- 
tional Fisher hypothesis. Section III provides 
some empirical results for the United States 
and Australia. 


I. The Theory of Interest 


Despite the dominant place of Fisher's 
hypothesis in the accepted theory of interest, 
it typically receives only sketchy theoretical 
justification. In Fisher's analysis, the hy- 
pothesis rested on the influence that individ- 
ual time preference was assumed to exert on 
the marginal productivity of capital. A more 
formal derivation of the proposition in an 
optimizing model was later provided by 
Miguel Sidrauski.? 

There are, however, other influences on 
real returns. One important influence, 
pointed out by Tobin in his seminal paper on 
monetary growth, is the nonpayment of in- 
terest on money balances. This theme has 
been picked up by a number of authors in’ 
explaining the apparent nonconstancy of real 
interest rates. The crucial characteristic of 
money.is that, by convention, its nominal 
rate of return is regulated to be zero at all 
times (ignoring for the moment any implicit 
payments on money). By definition, there- 
fore, its real rate of return fluctuates in- 
versely one-for-one with the rate of inflation; 
that is, the return on money is forced by 
regulation to behave in the exact opposite 
manner to that predicted by Fisher’s hy- 
pothesis. 

Another. important influence on interest 
rates is, taxes. Despite the obvious relevance 
of taxes, they appear to have been over- 
looked prior to Michael Darby's contribu- 
tion.* A fundamental aspect of taxes, that 


3The constancy of the real rate of interest in Sidrau- 
ski’s model is-usually linked to his assumption of a fixed 
rate of time preference but, as shown by Carmichael, a 
fixed rate of time preference is necessary but not suffi- 
cient to generate the Fisher relationship in Sidrauski’s 
model; the additional necessary conditions are quite 
restrictive. 

^In a recent paper, Joe Peek found strong evidence 
supporting the inclusion of taxes in analysis of Fisher’s 
hypothesis. 
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has not generally been observed in empirical 
work on the topic, is the need to work di- 
rectly with after-tax rates of interest. In a 
correctly specified model, it is after-tax rates 
of interest that enter individual budget con- 
straints and determine behavior. This given, 
it is not sufficient to formulate hypotheses in 
pre-tax terms and then look for the effects of 
taxes in the estimated coefficients. 

Since empirical tests of Fisher’s hypothesis 
utilize data about financial assets (1.e., nomi- 
nally denominated, interest-bearing claims), . 
it is necessary to examine the implications of 
the three basic influences (time preference, 
regulation, and taxes) for the behavior of 
financial interest rates. Under existing tax 
laws, holders of financial assets earn a real 
rate of return, r, but pay tax at some rate, 9, 
on nominal interest income i (i=r+q, 
where v is the rate of inflation). That is, they 
receive an after-tax real return on financial 
assets ry, of 


(1) ry = (1—0)r — êr: 


Since money balances pay no nominal in- 
terest, the observed before- and aftér-tax real 
returns on money are both minus the rate of 
inflation. It is generally accepted, however, 
that money yields an implicit return in terms 
of liquidity and transactions services, as well 
as free banking services, customer gifts, and 
so on. Optimizing individuals will tend to 
hold money and financial asséts to the point 
at which their after-tax real yields (explicit 
plus implicit) are equal. Thus we can define 
the equilibrium relationship between the two 
returns as 


(2) Ty£-—T, 


where z (identically equal to the after-tax 
nominal interest rate i,) is the implicit 
marginal return on money or, equivalently, 
the premium that must be paid to holders of 
financial assets to compensate them for the 
loss of monetary services. 

A similar set of equilibrium relationships 
should hold between financial assets and 
capital (and therefore between money and 
capital) If capital offers an after-tax real 
return of ôy, we can define 


(3) by X ry, 


where x is the premium (or discount) that 


VOL. 73 NO. 4 


must be paid to induce individuals to hold 
capital. In this case, the premium is likely to 
be dominated by the fundamentally different 
risk characteristics of capital and financial 
assets. 

Neither x nor z are necessarily constant. If 
all three assets were gross substitutes, a rise 
(fall) in the after-tax real yield on one, with 
the yield on the second held constant, would, 
in the absence of corner solutions, force the 
yield on the third to rise (fall), but by less 
than the rise (fall) in the first. In other 
words, x and z bear part of the burden of 
adjustment; the extent of the burden de- 
pends on the relevant elasticities of substitu- 
tion. 

Suppose for the moment that time prefer- 
ence does in fact determine ôy as an 
approximate constant, as suggested by Fisher. 
In this case, financial assets are influenced 
by the Fisher effect coming from capital and 
the exact opposite effect coming from mon- 
ey. For Fisher’s hypothesis to be supported 
by the data it is necessary that x be ap- 
proximately constant and that changes in z 
be approximately equal to changes in the 
rate of inflation. In other words, financial 
assets and capital must be very close sub- 
stitutes at the margin while financial assets 
and money must be very poor substitutes at 
the margin. 

Given the nature of the three assets, this 
configuration seems somewhat implausible. 
More plausible is a high degree of substitut- 
ability at the margin between money and 
financial assets. Apart from the medium of 
exchange functions, money and financial as- 
sets are almost identical: they are both nomi- 
nal stores of value, they have very similar 
risk characteristics and so on. A very plausi- 
ble alternative hypothesis is that z, rather 
than x, is approximately constant, with' the 
implication that the after-tax nominal rate of 
interest on financial assets will be approxi- 
mately constant, while the after-tax real rate 
will tend to move inversely one-for-one with 
the rate of inflation. We will refer to this as 
the “inverted Fisher hypothesis."? 


5A more formal derivation of the inverted Fisher 
hypothesis in an optimizing model characterized by 
regulation and substitution can be found in our 1981 


paper. 


CARMICHAEL AND STEBBING: FISHER'S PARADOX 621 


Note that the inverted Fisher hypothesis 
for financial assets leaves open the question 
of the behavior of the after-tax real rate of 
return on capital. Fisher's hypothesis could 
still hold for capital if financial assets and 
capital were very poor substitutes at the 
margin. 

We should also point out that the idea that 
the yield on financial assets may not respond 
to inflation because of the constant nominal 
yield on money dates back at least to 
Keynes.® According to Keynes, the premium 
z is determined by liquidity preference and, 
while generally sensitive to economic condi- 
tions, is invariant to changes in inflation. 
Keynes went further in asserting that the rate 
of return on capital would be forced to con- 
form to the inflation-induced movements in 
the yield on financial assets; this implies a 
high degree of substitutability between finan- 
cial assets and capital as well as between 
financial assets and money, thereby ruling 
out the Fisher effect for capital as well as for 
financial assets. 

Before proceeding to the empirical work, 
there are two points that we wish to make 
about the inverted Fisher hypothesis. First, 
since the central relationship is heavily de- 
pendent on regulation, we would expect it to 
be less likely to hold in deregulated markets. 
Second, we would only expect the inverted 
Fisher hypothesis to hold in countries with 
moderate or low inflation rates; by accentu- 
ating the cost of regulation, hyperinflation 
would tend to reduce greatly the substitut- 
ability between money and other financial 
assets. 


II. Testing the Inverted Fisher Hypothesis 


The conventional Fisher hypothesis has 
proved to be extremely difficult to test. Cor- 
rectly stated, the Fisher hypothesis relates 
the nominal rate of interest to the expected, 
rather than the actual, rate of inflation, as 
indeed the inverted Fisher hypothesis relates 
the after-tax expected real rate of interest to 
the expected rate of inflation. The main diffi- 


SFor a good discussion of Keynes’ argument, see 
Stephen LeRoy. We are grateful to a referee for suggest- 
ing this reference and the similarity between our work 
and that of Keynes. 
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culty in testing the Fisher hypothesis has 
been ambiguities involved in construct- 
ing data about expected inflation, and the 
errors-in-variables problem that arises when 
the actual rate of inflation is used in its 
place. In this section, we show that these 
problems are not present in testing the in- 
verted Fisher hypothesis. 

We begin with two identities. The first 
defines the after-tax nominal interest rate as 
the after-tax real rate plus the inflation rate. 
The second defines the same relationships as 
holding between the mathematical expec- 
tations of the three variables involved: 


(4) iy ry t+ 7, 
(5) Eiy = Ery + Ex, 


where E is the expectations operator. To 
these definitions we add two assumptions 
needed to test the inverted Fisher hypothesis. 
The first is that expectations are unbiased:? 


(6) v — Em «s, 


where e is a random variable with mean zero 
and variance o2. The second assumption is 
that the after-tax nominal interest rate is 
known at all points in time; that is,* 


(7) Eiy — dy. 
Combining (4)-(7) yields 
(8) ry — Ery = Eg — 2 — — &. 


In other words, if the current i, is known, 
the actual deviation of the after-tax real rate 
from its mean will be minus the deviation of 
the actual inflation rate from its mean. 

We now add the inverted Fisher hy- 
pothesis in its correct expectations form: 


(9) Ery = — Er  £, 


TFama was the first to use this assumption in testing 
the conventional Fisher hypothesis. 

5When the individual purchases a financial asset, he 
knows the nominal interest rate that he will receive. The 
assumption in equation (7) implies that the individual 
also knows his marginal tax rate. 
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or, equivalently, 
(10) iy = Qo + £, 


where a is the (assumed) constant premium 
on the financial asset, labeled z in Section I, 
and £ is a random error with mean zero and 
variance og. We assume £ and e to be inde- 
pendent. ` 

The inverted Fisher hypothesis can be 
tested in any of four ways. First, since the 
after-tax nominal rate of interest is hy- 
pothesized to be a constant, it should be 
independent of both Er and v. Thus, equa- 
tion (10) can be estimated in either of the 
following forms: 


(10°) iy =Q) au Er +ë, 

(10”) iy — ag tair +E. 

The hypothesis tests are a, — 0 and aj = 0, 
respectively. 


Next, using equation (8) to eliminate the 
unobservable variable Ery, we can write (9) 
in the testable form 


(9) ry 7 Aj t a5 Er+— e, 


where £ and e are independent random vari- 
ables by assumption and, from equation (6), 
Ea and e are also independent. The hy- 
pothesis test in this case is a, = — 1. 

Finally, we can substitute equation (6) as 
well as (8) into (9) to eliminate the unob- 
servable variable Ez, to obtain the estimat- 
ing equation 


(9) r,j-ag om £—(19 a,)e, 


where again, the hypothesis test is a, = — 1. 
Under this null hypothesis, the error term e 
disappears from the right-hand side of (9'^, 
with the result that the equation can be 
estimated (under the null hypothesis) without 
an errors-in-variables problem. This makes 
(9") an attractive estimating form since it 
does not require the use of arbitrary data 
about inflation expectations. Indeed the only 
maintained hypothesis about expectations is 
unbiasedness, which is widely accepted 
nowadays as a minimal requirement for any 
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sensible expectations-generating mechanism. 
For the test to be powerful, however, it should 
be capable of rejecting the alternative, con- 
ventional Fisher hypothesis that a5 = 0. The 
problem is that under the alternative hy- 
pothesis e does not disappear from (9”), with 
the result that (under the alternative hy- 
pothesis) the estimate of o5 will contain an 
errors-in-variables bias. There are two im- 
portant qualifications that should be made 
about this problem. First, while the bias in 
o^, under the alternative hypothesis is nega- 
tive it should be relatively minor in magni- 
tude.? Second, since equation (9^ does not 
involve an errors-in-variables problem under 
either hypothesis, it provides another means 
of separating the two. Of course (9^) has the 
drawback that it does require data about 
expectations. In the empirical work below we 
work predominantly with equation (9"), al- 
though some estimates of (9^ using con- 
structed data about expectations for the 
United States are included as supporting evi- 
dence. 


IIl. Some Empirical Evidence 


In this section, we report the results of 
estimating equation (9") for the United States 
and Australia. Apart from the obvious bene- 
fits of examining data for more than one 
country, we chose Australia for convenience 
since we had ready access to data.!? 

One qualification should be expressed 
about any test of either the Fisher hypothesis 
or the inverted Fisher hypothesis and this is 
that both hypotheses concern longer-run be- 
havior. Any number of factors may cause 
short-run behavior to deviate from these 
longer-run forces. A complete model of in- 
terest rate behavior would need to incorpo- 
rate these factors. At the same time, if the 


° The bias is asymptotically equal to — o2/[02,, + o2]. 
In other words, it will be small so long as the variance of 
expectational errors about inflation are small, relative to 
the variance of expected inflation itself. In the case of 
the U.S. data, for example, an optimal time-series pre- 
dictor for expected inflation (described below) yields 
sample estimates of 67 =.00096 and 62, =,00685, and 
therefore of the bias = —.123. 

These data were constructed for a recent con- 
ference on the effects of inflation; see our 1981 paper. 


CARMICHAEL AND STEBBING: FISHER'S PARADOX 623 


hypotheses have any relevance at all, it is not 
unreasonable to expect such fundamental bi- 
variate relationships to be displayed by 
time-series data over a reasonable time hori- 
zon. 


A. The United States 


In keeping with existing analyses of the 
U.S. data, we used quarterly data for the 
yield on three-month Treasury bills as a rep- 
resentative market interest rate series. The 
series was taken from the Federal Reserve 
Bulletin and represents the average yield on 
all accepted bids for the last issue of the 
quarter. The ex post after-tax real rate of 
interest was then calculated (according to the 
formula,!! ry = (1— 0)i — v) with the timing 
convention that ry, is the actual after-tax real 
return on a three-month bill held from the 
beginning to the end of quarter ¢.'* All rates 
of return were continuously compounded,” 
and, for convenience of interpretation, all 
variables were expressed as annual equiva- 
lents. The Consumer Price Index (CPI) was 
used to calculate the inflation rate, and the 
marginal tax series, 0, was generously sup- 
plied by Vito Tanzi. This latter series, a 
marginal tax rate on interest income, was 
calculated as a weighted average of the 
marginal tax rates facing investors with 
different income levels; the series was 
calculated from actual tax return data. The 
analysis focuses on the sample period 
1953:I-1978:IV; prior to 1953 interest rates 
were essentially pegged, further as pointed 
out by Eugene Fama, the CPI was substan- 


"Tt is worth emphasizing again that the dependent 
variable suggested by theory is ry and not r. The few 
tests of the conventional Fisher hypothesis that have 
attempted to correct for taxes have done so by adjusting 
either the estimated coefficient on inflation or the infla- 
tion series itself, rather than the dependent variable. 
Since the theory relates ry to 7, use of r as the depen- 
dent variable would require adjusting both the constant 
and error terms for taxes, as well as adjusting the 
inflation series. 

Further details on the timing and sources of all 
data used are contained in a data appendix which is 
available from the authors on request. 

13 Continuous compounding avoids the need to allow 
for the cross-product term between ry and v in the 
definition of the nominal interest rate. 
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TABLE 1 —INVERTED FISHER HYPOTHESIS: U.S. THREE-MONTH TREASURY BILL RATE, . 
1953:1-1978:IV 


Constant Inflation Time 
Equation ao a5 a; R? DW» 
LA 1.190 —1.022 .96 1.94 .997 
(2.49) (47.06) 
1B — 1.024 96 1.92 
(47.56) 
LC E ó —1.021 .96 1.79 
1953:1-1971:1I (39.62) 
LD — 1.012 .97 1.78 
1953:1-1965:IV (42.43) 
LE . — 1.036 94 1.95 
1966:1-1978:IV ^ : (28.53) i 
LE. : .981 —1016 ` :038 96 1.78 .803 
(2.90) (4465) - (6.11) . 
LG . .976 — 1.010 .037 97 1.80 £799 
Expected Inflation (2.93) (49.19) (6.07) 


Notes: The dependent variable is ry; t-statistics are in parentheses; p is the value of the 
first-order autocorrelation coefficient; the value for R? is not strictly bounded by zero. 
' and unity in the equations without a constant term. — 


tially upgraded in 1953. The ending point of 
1978:IV was dictated by the ending observa- 
tion of the tax series. 

The results of estimating equation (9') by 
ordinary least squares are reported in Table 
1. Equation 1.A gives the estimated coeffi- 
cients of (9”) for the full data period. Analy- 
sis of the residuals of the OLS equation 
indicated the presence of first-order autocor- 
relation. The estimated coefficients in 1.A 
are corrected for first-order’ autocorrelation 
using the generalized Cochrane-Orcutt tech- 
' nique in the program AUTO developed by 
Adrian Pagan. The value of the estimated 
first-order autocorrelation coefficient, p, was 
very close to unity which prompted us to 
estimate the equation in first-difference form. 
The results are reported in equation 1.B. 

Equation | 1.C reproduces equation 1.B over 
the shorter period 1953:I-1971:II used by 
Fama. Equations 1.D and 1.É reproduce the 
-same equation over the two halves of the 
data period. Using 1.D and LE to test for 
structural change gives a test statistic of 0.29 
compared with the critical value of F(1,102) 


14This result has been found elsewhere in the liter- 
ature; see, for example, Holmes and Kwast. 


— 3.94 at the 5 percent level of significance, 
thus supporting the null hypothesis of no 
structural change. _ 

The inverted Fisher hypothesis, that a4 = 
—], is strongly supported by the data 
according to equations 1.A and 1.B. The 
hypothesis o = — 1 yields a t-statistic of 1.03 
from equation 1.A and of 1.09 from equation 
1.B. From the definition of real and nominal 
interest rates, a, insignificantly different from 
—] implies oj in equation (9”) insignifi- 
cantly different from zero. More im- 
portantly, the point estimates of o are so 
close to minus unity that the deviations from 
minus unity are economically trivial. That is, 
according to these estimates, not only is in- 
flation not reflected in the after-tax nominal 
interest rate one-for-one, it is not reflected at 
all. By extension, it would appear that move- 
ments in pre-tax interest rates have had more 
to do with movements in taxes than with 
movements in inflation. From Table 1 it is 
also clear that the inverted Fisher hypothesis 
is quite robust to the choice of time period, 
unlike the conventional Fisher hypothesis.!? 


I5See for example, Cargill and Robert Meyer, and 
Cargill (1976); although for a counterview on the three- 
month Treasury bill rate, see Holmes and Kwast. 
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SHORT-TERM INTEREST RATES AND INFLATION — 
THE UNITED STATES 


7 RATE OF INFLATION (v) 


—7 AFTER-TAX NOMINAL RATE OF RETURN ON 3 MONTH TREASURY BILLS Oy) 
= AFTER-TAX REAL RATE OF RETURN ON 3 MONTH TREASURY WILLS ty) 





FIGURE 1 3 
Note: Sample standard deviation of iy =1.32 and « = 3.15; sample correlation coeffi- 


cient iy, 7 —.778 and ry, 7 = —.931. 


The constancy of the after-tax nominal 
interest rate relative to inflation, and the 
inverse correlation between inflation and the 
after-tax real interest rate is shown in Figure 
1 which graphs these three series. In Figure 
1, the real rate ry is represented by the thin 
line, the nominal rate iy by the thick line, 
and the inflation rate by the broken line, v. 
Sample correlation coefficients are reported 
below the chart, along with the sample 
standard deviations of iy and 7. The sample 
standard deviation of i, is 1.32, compared 
with 3.15 for v, a result that is consistent 
with the hypothesis of Section I. 

Figure 1 does, however, show a discernible 
upward trend in i y. Under the inverted Fisher 
hypothesis, i, is interpreted as the real risk 
premium on financial assets. Figure 1 sug- 
gests that this premium has drifted upwards 
over the last three decades by around 2 
percentage points. The upward drift in i, is 
consistent with the widely held perception 
that implicit interest payments on money, 
particularly in the form of bank services and 
gifts, have risen over this period. There may, 
of course, be other possible explanations. In 
order to allow for possible bias in the coeffi- 
cients as a result of the drift in iy, we 
reestimated equation 1.A with a linear time 
trend; the results are reported in equation 
1.F. While the coefficient on the time trend 
is significantly different from zero at all rea- 


sonable confidence levels, the properties of 
the equation are essentially unaltered.! 
Equation 1.G reproduces 1.F, using an 
optimal time-series predictor to generate 
a series for expected inflation, in order to 
provide an additional test of the conven- 
tional Fisher hypothesis without an errors- 
in-variables bias. The model follows the work 
of Douglas Pearce who found evidence of a 
Stationary first-order moving average process 
in the second difference of the CPI using 
monthly data from 1947—76. We estimated 
Pearce's model on monthly data from the 
beginning of 1947 to the end of 1978 and 
found the results to be compatible with 
Pearce's earlier results." We used these 
estimates to generate nonoverlapping three- 
month forecasts of changes in the CPI. The 
estimates in equation 1.G are again com- 
pletely consistent with the inverted Fisher 
hypothesis and provide no evidence of an 
errors-in-variables bias. 


lé'The null hypothesis that a’, = — 1 yields a statistic 
of .72 in equation 1.F. 

VPearce's model for the price level in period 1, is 
P,=2P,-1— P,-2 +a, + Yâ, where P, is the price 
level and a, is a random error. Using a rolling regression 
technique, Pearce found all estimates of y to lie between 
-71 and .76. Using the longer time period and assuming 
the process to be stationary (as suggested by Pearce), we 
estimated y —.75 (with a standard error of .039). 
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-7-- RATE OF INFLATION (g) 


mm AFTER-TAX NOMINAL RATE OF RETURN ON 
3 MONTH COMMERCIAL BILLS ( iy) 


—— AFTER-TAX REAL RATE OF RETURN ON 
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FIGURE 2 
Note: Sample standard deviation of iy —1.93 and a = 4.96; sample correlation coeffi- 


cient iy, 7 —.529 and ry, 7 = — 923. 


B. Australia 


For Australia, we tested the inverted Fisher 
hypothesis on two interest rate series: a 
ninety-day bank accepted/endorsed com- 
mercial bill rate; and a five-year industrial 
debenture yield series. Both of these are 
market determined rates. The former is com- 
parable with the data used for the United 
States, while the latter provides some evi- 
dence on a longer-maturity interest rate. We 
followed similar timing and construction 
conventions used for the U.S. data. The CPI 
was used for the rate of inflation and we 
used a tax rate constructed as the marginal 
tax rate facing a married person receiving 
average weekly earnings with three depen- 
dents. 

The starting points for the Australian study 
were dictated by the availability of the inter- 
est rate data. The earliest quarters for which 
data were available were 1965:IT and 1962:I 


. Unfortunately, tax payments on actual interest in- 
come are not available for Australia. However, the 
entire tax schedule has drifted upwards over time so that 
tax payments at all levels of income have an essentially 
similar trend. Experiments with a range of tax rates 
yielded virtually identical results. 


for the commercial bill and debenture rates, 
respectively. The end point for both series 
was 1981:IV. 

Figures 2 and 3 show the after-tax nomi- 
nal and real rates of interest with the infla- 
tion rate for the respective series. Once again, 
the sample correlations and sample standard 
deviations are reported below the charts. The 
results of estimating equation (9") for the 
commercial bill rate are reported in Table 2, 
and for the debenture rate in Table 3. 

As was the case for the U.S. Treasury bill 
rate, all equations showed evidence of first- 
order autocorrelation and were corrected 
using the generalized Cochrane-Orcutt pro- 
cedure. Equation 2.E shows evidence of a 
secular upward drift in the premium on 
short-term interest rates in Australia. Equa- 
tion 3.D suggests that this trend was not 
shared by longer rates, at least as measured 
by the industrial debenture yield. 

In Table 2, equation 2.B reports estimates 
for (9") over the shorter time period, 
1968:11-1981:IV, which eliminates some less 
reliable observations prior to 1968. Equa- 


Rates on the ninety-day commercial bill prior to 
January 1968 are based on a very small sample. 
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LONG-TERM INTEREST RATES AND INFLATION — 
AUSTRALIA 


-—- RATE OF INFLATION (1) 
ame AFTER-TAX NOMINAL RATE OF RETURN ON 
INDUSTRIAL DEBENTURES ( iy) 


——7 AFTER-TAX REAL RATE OF REJURN ON 
INDUSTRIAL DEBENTURES Gy) 





FIGURE 3 
Note: Sample standard deviation of iy = 0.88 and 7 = 4.27; sample correlation coeffi- 
cient iy, 7 —.235 and ry, 7 = —.978. 


TABLE 2—INVERTED FISHER HYPOTHESIS: AUSTRALIAN NINETY-DAY COMMERCIAL BILL RATE, 
1965:111-1981:IV 





Constant Inflation Time 
Equation ao ah az R? D-W p 
2.A 5.298 —.979 .92 2.17 .807 
(7.42) (27.56) 
2.B 5.543 — 973 .91 2.12 -760 
1968:1I-1981:IV (7.52) (24.21) 
2.C 4.258 — 1.015 97 1.96 .594 
1965:1II-.1973:1HI (14.21) (24.97) 
2.D 6.725 —.983 .89 1.88 .530 
1973:1V-1981:1V (7.88) (17.40) 
2.E 3.106 —.982 072 .93 1.98 .552 
(5.26) (2125) (4.46) 


Notes: See Table 1. 


tions 2.C and 2.D and 3.B and 3.C report the 
results of dividing the relevant time periods 
in halves in order to test for parameter sta- 
bility. The respective values for the F-statis- 
tic are 3.70 for the commercial bill rate and 
1.58 for the debenture rate. A Chow test at 
the 5 percent level of significance rejects 
structural change for the latter, but not the 
former. However, a test for structural change 
in specific parameters indicates that o^ is not 


significantly different in the two subperiods. 
The instability of the constant term is com- 
patible with the significant time trend in 
equation 2.E. 

The message from Tables 2 and 3 is a 
direct reinforcement of Table 1. The inverted 
Fisher hypothesis is strongly supported by 
evidence for both long and short rates for 
Australia; once again, this support appears 
to be robust across different time periods as 


^ 
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"TABLE 3— INVERTED FISHER HYPOTHESIS: AUSTRALIAN Five-YEAR DEBENTURE Yi, 


9. 


t 1963: I-1981: IV 


E Sas Constant Inflation . -Time . Y. v 
, Equation ag ` e ay R? D-W . p 
“3A 7417 — 1.050 .99 229 .909 
: "E (16.36) (20.69) 
3B ' Uic 6.746 — 1.136 92 ` 2.08 .659 
1963:1-1972: uL (15.37) (9.75) : M 
3C o: 6.560 — 1.078 .98 1.97 1.000 
1972:11-1981:1V^ — (1316) - > (21.43) . 
3.D.: 7.299 — 1.061 .024 .99 2.28 902 
a ey (14,51) (17.97) (35) 


Notes: See Table 1. 


well as across different specifications.”°. The 
evidence for the longer rate is, if anything, 
more striking. than that for the two short 
rates. 

One of the most interesting features of the 
results in Tables 1, 2, and 3 is the high 


‘degree of explanation of movements in after- 


tax real rates of interest. The evidence of 
serially correlated residuals suggests im- 
mediately that variables have been omitted 


from. the .estimating equations. This. is not 


unexpected,. since the model is essentially 
one of longer-term behavior and has little to ` 
offer on short-term fluctuations in iy. A. 
more complete model would attempt to ex- . 
plain these fluctuations in terms of short-run - 


supply-demand imbalances, The implication : 


of the reported results, however, is that these 


short-run. fluctuations are only a minor part... 


of the story—movements in after-tax real 


interest rates are to a large-extent explained -- 


simply by movements in the rate of in- 
flation:”* 


°To test for sensitivity, of the results to particular 
data assumptions we also estirhated equation (9") i using 
various alternatives including'different ‘tax variables, 
and, seasonally adjusted data. The inverted Fisher. hy- 
pothesis was robust across these alternative data defini- 
tions. A range of these equations is included in the data 
pppendix available upon request. ' 
|The remaining fluctuations are, of course, of con- 
siderable interest. We ‘would expect them to be de- 


. termined by a combination of real and financial shocks. 
' On the role of aggregate supply shocks, see James 


Wilcox. 


3 


- ~ Kf the strength-of these results is surprising 


. at first glance, it should not be. A negative 


relationship between the real rate of interest 
on financial assets and inflation has been 
noted elsewhere in the literature. For exam; 
ple, Frederic Mishkin found a strong nega- 
tive correlation between the ex post real in- 
terest rate and inflation lagged one period. 
The relationship was stronger when it was 
adjusted for taxes. Others, such as Kajal 


. Lahiri, John Carlson, and Pearce, have found 


a significant negative correlation between the 
real rate and expected inflation. Most have 


` noted that nominal interest rates have risen 


by less than inflation. However, to the best 


. of our knowledge, no one has considered an 
‘inverse oné-for-one contemporaneous rela- 


tionship between inflation and real rates as a 
logical theoretical possibility. It is only when 


-this is taken as the starting point of the 


empirical analysis that the results stand out 
as sharply as they do here. 


IV. Conclusion 


In this paper we have offered one explana- 
tion for what we have termed the Fisher 
paradox; namely the inconsistency between 
Fisher's hypothesis of a constant real interest 
rate and the empirical evidence. The fact that 
empirical tests of the hypothesis have been 
restricted to data about financial assets sug- 
gested the need to look more closely at the 
determinants of returns on these assets. In 
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this respect, we argued that the margin of 
substitution between money and financial 
assets was likely to be the dominating in- 
fluence. If correct, then not only would we 
not expect Fisher's hypothesis to be borne 
out by the available data, but there would be 
‘reasonable conditions under which we might 
expect the hypothesis to be completely in- 
verted. 

The inverted Fisher hypothesis, in its sim- 
plest form, is based on two assumptions: 
regulation in financial markets (in particular, 
regulation of nominal interest payments on 
money) and a relatively high degree of sub- 
stitutability between regulated and nonregu- 
lated financial assets. The emphasis in the 


second assumption is on the term “rela- | 


tively." In practical terms, a relatively high 
degree of substitutability translates into a 
low variance on after-tax nominal interest 
rates relative to the variance of inflation, a 
property which is supported by the data. 

Tn testing this hypothesis, we considered 
data for the United States and Australia; for 
the latter, we tested both short-term and 
long-term interest rate data. The data were 
unable to reject the inverted Fisher hypothe- 
sis in any of the equations tested. The inverse 
one-for-one relationship between after-tax 
real interest rates and inflation received 
strong support from evidence in both coun- 
tries. This support was robust across differ- 
ent time periods and maturities. 

Contrary to some widely held beliefs, it 
would therefore seem that, as far as financial 
markets are concerned, the impact of infla- 
tion has fallen dominantly on real rates of 
return with little influence on nominal inter- 
est rates in either the short run or the long 
run. While this evidence provides one ex- 
planation of Fisher's paradox, it leaves open 
the possibility that Fisher's hypothesis may 
still hold for real assets such as capital. The 

.large body of theoretical literature which 
seeks to explain movements in the real return 
to capital is still relevant to the margin of 
substitution between liquid assets as a group 
(money plus financial assets) and capital. 
Unfortunately, the lack of adequate data 
about ex ante returns to capital means that 
this issue must remain largely unresolved. 
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A Competitive Theory of Monopoly Unionism 


By EDWARD P. LAZEAR* 


Most analyses of labor unions take the 
union itself to be the basic unit of analysis. 
The union is often discussed as if it were 
animate; possessing a utility function and 
displaying behavior consistent with the maxi- 
mization of that function. Although models 
of this sort are not void of insight, they are 
less then completely satisfactory in providing 
a theory of labor unions that is general, that 
offers a large number of implications, and 
that is internally consistent! 

This paper attempts to fill some of the 
vacuum. The starting point is to take as the 
basic unit of analysis the profit-maximizing 
firms in which workers are employed, and 
the individual ‘utility-maximizing workers 
themselves. The goal is to provide a model 
that predicts in which industries, occupa- 
tions, and time periods unions are most likely 
to evolve. The analysis, albeit somewhat 
speculative, produces implications for the re- 
lationship between union wages, nonunion 
wages, and the proportion of workers in the 
union, and attempts to explain a number of 
institutions that seem to be quite specific to 
the union sector. The result is that there is a 
queue for union jobs but the nonunion sector 
always clears in the sense that supply equals 
demand. The union takes into account the 
effect of its wage choice on the resulting 
wage in the nonunion sector. Further, and 
equally important, is that firms are not pas- 


sive in this model. Firms may resist the . 


union at a cost and it is the distribution of 
those costs across firms that generates a 
well-defined equilibrium. Finally, the analy- 
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R. Topel. Financial support was provided by the Na- 
tional Science Foundation. 

'See my more technical piece, 1983, that fills in some 
of the more sketchy parts of this paper. 
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sis attempts to come to grips with two often 
bothersome issues: first, because firms must 
bear a cost in order to prevent unionization 
from occurring, it is easy for union and 
nonunion firms to coexist in the same com- 
petitive industry. The marginal union firm 
and marginal nonunion firm have the same 
level of profits. Second, young workers, who 
seem to be at a disadvantage in the union 
hierarchy, have little incentive to offer their 
services to employers at a lower price. The 
seniority structure of the union is incentive 
compatible and guarantees maximum ex- 
pected lifetime wealth to all workers.” 
The major implications of the model are: 

1) Consistent with Marshall, inelasticity 
of product demand increases the likelihood 
that an industry or occupation is unionized. 

2) Contrary to Marshall, inelasticity of 
demand for labor does not imply an increase 
in union power as measured by either 
an increase in union membership or the 
union /nonunion wage differential. 

3) The more elastic is the supply of 
labor to an'industry or occupation, the 
smaller is the probability that that industry 
or occupation is unionized. 

4) Not surprisingly, an increase in the 
cost of running the union and enforcing wage 
demands lowers the probability that an in- 
dustry is unionized. Less obvious is that the 
union/nonunion wage differential increases 
as those costs rise. As a corollary, anti-union 
legislation decreases the proportion of 
unionized workers, but increases the 
union/nonunion wage differential. It is also 
true that occupations with less permanently 
attached workforces are less likely to be 
unionized, but also have higher union/non- 
union wage differentials. 

5) The observed wage differential may 
overstate rather than understate the true ef- 
fect of unionism on wage rates. Nor is there 


An early model, which provides for an active role by 
the firm, is Sherwin Rosen (1969). 
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any straightforward connection between 
wage differentials, proportion in the union, 
and union power. 

6) Featherbedding is both rent maximiz- 
ing and efficient. Further, a union which can 
select quantity as well as price, selects the 
pre-union employment level. 

7) Union workers take a larger part of 
their compensation as fringes than do non- 
union workers. 

8) Union workers tend to be older than 
nonunion workers and receive more of the 
benefits of the union. Still, young workers 
have no incentive to break the coalition. 

9) Age-earnings profiles are flatter in 
unionized firms. 

10) Union/nonunion wage differentials 
move countercyclically. 

The structure is to consider first a one- 
period setting since results are easier to ob- 
tain in that context. The second half of the 
paper examines a multiperiod world and 
shows that the results of the one-period model 
carry over. The strategy is to define the 
relevant labor supply and then to maximize 
the utility of the representative individuals 
subject to constraints imposed by the market 
and by the firm's active resistance. 


I. The Model 


Consider a world in which a worker lives 
one period and where there are S competi- 
tive firms, each of which has a demand for 
labor given by L = d(W). This is simply the 
standard demand curve derived from the 
firm’s production function where W is the 
wage rate and L is the number of workers in 
the firm. There are R(W) workers in the 
occupation or industry. Initially (relaxed be- 
low), assume that R is fixed and inelastic. 
Also assume for the moment that demand 
for output is perfectly elastic so that product 
market effects can be ignored.’ 


A. The Opportunity Locus 


A “union” is defined as a collection of 
workers who band together to call out a 


‘3The supply of labor is that pool over which em- 
ployers view workers as perfect substitutes in produc- 
tion. 
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union wage, W,. The firm, faced with the 
union demand, can pay that wage and hire 
d(W,,) workers or at some fixed cost, C;, 
which varies across the i firms, can defeat the 
union and pay wage Wy, hiring d(Wy) 
workers. The C, term is intentionally vague. 
It can be thought of in many ways: for 
example, it may be the cost of employing 
enough * union busters" to defeat the union 
or it might consist of contributions to an 
employee benefit fund to appease the current 
work force. It may be viewed as the cost of 
strikes or other morale problems associated 


` with attempting to employ nonunion labor 


and so allows for the possibility that the firm 
beats the union by hiring scabs. Alterna- 
tively, if unions have beneficial effects: on 
productivity as Richard Freeman (1976) and 
Charles Brown and James Medoff (1978) 
have argued, C; is the cost of foregone pro- 
ductivity effects. 

Let C; ~ g(C;) with a distribution function 
G(Cj). The union knows the distribution of 
the C;, but only the firm knows its particular 
C 


The firm has a standard profit function of 
the form II = II(W) so that the firm's prof- 
its, if it hires union labor, are II(W,,) and if 
it hires nonunion labor, II(W,,)— Cj. The 
firm chooses to fight the union if 


T(W,) « I (Wy)- C, 
or if 


II*(Wy, Wy) SII(W,)-II(W,) > G,. 


For any given (W,,W,,) combination, then 
G(II*(W,,W,.)) of the firms will find it 
more profitable to be nonunion firms. 
Therefore the demand for labor by nonunion 
firms is S[G(II*[Wy,W,])]d(W,) and by 


4If the union actually knew the C;, then the optimal 
strategy would be to price discriminate. Each firm would 
face a wage rate that made it just indifferent between 
hiring union workers and opposing the union. In fact, 
strikes are one manifestation of the firm's attempt to 
convince workers that its C; is low, while workers at- 
tempt to convince the firm that its C; is high. 

>This subsumes all bargaining problems. Thus, Melvin 
Reder's (1952) notions of fairness and Carl Steven's 
(1958) early description of bargaining, as well as more 
modern bargaining models (Henry Farber, 1978; Vincent 
Crawford, 1979; W. Atherton, 1973) are implied. 
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union firms is $(1— G(II*[W,, Wy )ld(Wy). 
The market equilibrium condition is that de- 
mand for labor equal the supply of labor: 


S[1- G(II*[W,,Wy])] d(W,) 
+ 5[G(Il*[Wy,Wy])] d(Wy) =R, 
or in per firm notation, 


(1) [1 = G(II*DW,, Wy])] d(W,) 
E G(ITDW, Wy]) d(Wy) = R/S. 


Equation (1) defines the union's *opportuni- 
ty locus." It has the following interpretation: 
the union may select any Wy that it chooses. 
However, its selection of W, affects the 
number of firms that opt to oppose the 


union. This, in turn, determines the number 


of union jobs available. Since the rest of the 
workers flow over into the nonunion sector, 
the wage rate in that sector adjusts to make 
supply equal to demand. Equation (1), there- 
fore, incorporates the notion that firms can 
oppose unions and also the notion that the 
nonunion wage and, therefore, the strength 
of the firm's opposition, depends upon the 
union wage.$ 

The union wage affects the nonunion wage 
in two ways: first, a higher union wage in- 
creases the proportion of firms that fight the 
union. This implies a larger number of 
workers must be employed in the nonunion 
sector, but it also implies that there will be a 
larger number of nonunion firms to employ 
those workers. Second, a higher union wage 
decreases the number of workers hired by 
each of the union firms, sending the spillover 
into the nonunion sector. 

It can be shown that the basic shape of the 
opportunity locus is always as illustrated in 
Figure 1. It starts at (W.., W.-) where We, the 
competitive wage, is derived from Sd(W.) = 
R. It is negatively sloped initially, positively 


$One could also assume that the strength of the 
union's desire depends upon the difference between 
union and nonunion wages. This would make the distri- 
bution of C; a function of that wage differential. This 
possibility tremendously complicates the analysis and is 
ignored. 
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sloped as the union wage rises, always below 
W. so that the nonunion wage is inferior to 
the pre-existing competitive equilibrium, and 
it asymptotes to Wọ. 

The intuition behind the asymptotic na- 
ture of the opportunity locus is clear. If the 
union chooses an extremely high wage, then 
all firms will opt to oppose the union. Under 
those circumstances, all firms and all workers 
are in the nonunion sector so the nonunion 
wage is simply the competitive wage. It is 
also clear that as the union wage approaches 
the competitive wage, the nonunion wage 
will also approach the competitive wage. The 
reason is that as the union wage shrinks to 
the competitive wage, union firms are de- 
manding no less than their competitive share 
of labor and extracting workers from the 
nonunion sector in proportion to their num- 
bers. This implies that workers remain in the 
nonunion sector in proportion to the number 
of firms there as well so the competitive 
wage must result. Similarly, whenever the 
union wage exceeds the competitive wage, 
union firms demand less than their competi- 
tive amount so the spillover of workers to the 
nonunion sector exceeds the number that 
those nonunion firms would have employed 
in competition. The nonunion wage therefore 
fails to bring about equilibrium." 


TThe proof of these propositions, and of most others 
in this paper, is deleted. The complete analysis is con- 
tained in my 1983 article. Harry Johnson and Peter 
Miezkowski (1970) and W. Erwin Diewert (1974) offer 
alternative two-sector models of unionism. There, the 
union wage is exogenous and the purpose is to trace 
various wage choices through the rest of the economy in 
a general equilibrium framework. This model is inter- 
ested in the way in which spillovers affect the choice of a 
union wage. 
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B. The Indifference Curves 


The R workers who contemplate the union 
must take the opportunity locus as given. 
The group can select any union wage, but 
this implies a particular nonunion wage and 
a proportion of workers who will be able to 
locate union jobs. Following equation (1), it 
is clear that the probability that a given 
worker will be employed by a union firm and 
receive the union wage is 


(2) 
P= s(1 - G[Ir*(w,, Wy)]) d(Wy)/R. 


This is simply the number of union workers 
divided by the total labor supply. 

In this one-period context, workers are 
identical and risk neutral ex ante so that 
each has the same objective function which is 
to maximize expected wealth. If it costs Z 
dollars per union worker to administer the 
union, which may encompass hiring the 
union leader, striking, or other activities, then 
the worker’s problem is 


(3) Maxk = (Wy - Z)* (1- P)Wy, 


where K is the level of expected utility, sub- 
ject, to the constraint implied by equation 
(D^ 

The shape of the indifference curve is also 
illustrated in Figure 1. Those curves start at 
W, = K where W, = K + Z because workers 
only join the union if Wy — Z > Wy. They 
are U-shaped, but asymptote to Wy = K. 
The sense of the U-shaped indifference curve 
is this: workers would prefer to have both 
higher union wage and nonunion wage if 


®Note that this provides a well-defined notion of 
union membership. Before the election is held, all 
workers exert influence on th2 union. After the election, 
the union is observed to represent only those workers at 
union firms. Most of what has come before attempts to 
limit the relevant population to some subset of the labor 
supply. For example, Reder (1960), focuses on “present 
members." But this begs the question: present at what 
point in time? J. N. Dertouzos and John Pencavel (1980) 
implicitly confine their attention to ex post members as 
well and do not deal with spillover effects of the union 
wage on the nonunion wage. 
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nothing else were involved because they face 
some probability of finding themselves with 
a nonunion job as well as with a union.job. 
But given that the union wage affects the 
probability of obtaining a union job, it is not 
always the case that workers view an increase 
in the union wage as a good. Initially, the 
value of an increase in the union wage out- 
weighs the loss associated with the reduction 
in the probability of being unionized so in- 
difference curves are negatively sloped. How- 
ever, as the union wage rises and the proba- 
bility of obtaining a union job get small, 
the benefits to increased union wages are 
swamped by the loss resulting from the de- 
creased probability of obtaining a union job 
and workers view additional union wage in- 
creases as a bad, resulting in a U-shaped 
indifference curve. 

` It is necessary to define one more concept 
before proceeding to the comparative statics. 
Let us define the “critical indifference curve” 
as the one that yields the same utility as that 
derived in competitive equilibrium: The criti- 
cal indifference curve is that curve that yields 
utility K = Wo, or from equation (3), it has 
the formula 


(4) Wy = [We - P(Wy - 


z)]/a- p). 


C. Equilibrium 


A union equilibrium exists if and only if 
the critical indifference curve crosses the op- 
portunity locus. Since only points on the 
opportunity locus are feasible, a crossing im- 
plies there exists some feasible (W,,, Wy, P) 
combination that makes workers better off 
than they would be in the competitive situa- 
tion. The critical indifference curve often 
cuts the opportunity locus, but not always. 
For example, if Z, the cost of operating the 
union were very large, it is possible that no 
feasible combination exists which makes 
workers better off than they are in competi- 
tion. 

If a union equilibrium does exist, that is, if 
the critical indifference curve intersects the 
opportunity locus, the selection of ‘the opti- 
mum union wage is given by the first-order 
conditions corresponding to equation (3) or 
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by 
dW, dW, 
(5a) —N| = N] ;. 
dW, jE dWy Bk 








(5b) [1- G(19] 4(w,)4 c(t11*) 
X d(Wy) - R/S. 


Equations (5) simply state that the optimum 
occurs at the tangency of the indifference 
curve with the opportunity locus.? 

Jf a union equilibrium exists and if Z is 
positive, then it is generally!? the case that 
the tangency of JC* with the opportunity 
locus must be an interior one (see Figure 1). 
This implies that an occupation or industry 
is never entirely unionized. It is always better 
to allow those firms best able. to resist the 
union to remain unorganized, rather than to 
choose such a low union wage as to make it 
unprofitable for any firm to oppose the 
union. 

An important feature of this solution is 
that even if ex post losers would like to 
compete with ex post winners for union jobs, 
they are precluded from doing so. The firm 
can entertain these offers as a way to defeat 
the union, however, that carries with it the 
cost C, which is already accounted for in the 
analysis. Although the model allows for an 
active role by firms, it does not permit them 
to costlessly accept the labor offer of a non- 
union worker. Even in the absence of NLRB 
rules, it seems reasonable to view the hiring 
of scabs as carrying some real costs, perhaps 
larger to some firms than others. 

Note also that in equilibrium, the marginal 
union firm and marginal nonunion firm each 
earn the same level of profits. The high cost 
of labor in the union firm is counterbalanced 
by the cost of defeating the union in the 
nonunion firm. For the marginal nonunion 


firm, these costs are identical. Inframarginal | 


rents are captured by scarce factors. Union 


°There may be more than on tangency; under these 
circumstances, it is necessary to search for a global 
maximum. by comparing utility levels at all local max- 


ima. 

OThis depends upon the distribution of C;. The 
condition G(0) — 0 is sufficient to guarantee the validity 
of the statements. 
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and nonunion firms exist in the same prod- 
uct market, each earning the same level of 
profit, properly measured. There is no mech- 
anism which results in one side driving the 
other side out of business. 

Finally although there is a queue for 
union jobs in the sense that all workers pre- 
fer union jobs to nonunion jobs, the non- 
union sector is competitive and has the fea- 
ture that wages are set in accordance with 
supply and demand. Workers may enter that 
sector freely and no artificial supply restric- 
tions are required. 


II. Some Implications and Comparative Statics 
A. The Supply of Labor 


In this section, the assumption that the 
supply of labor to the occupation is perfectly 
inelastic is relaxed. The conclusion is that as 
labor supply becomes more elastic, the prob- 
ability that the industry is unionized falls. 
The logic is this: unionization must increase 
the expected, wealth of individuals in that 
occupation. As such, more workers are in- 
duced to acquire the skills necessary to enter 
that occupation. In terms of Figure 1, this 
has the effect of shifting the opportunity 
locus downward and the critical indifference 
curve upward, reducing the probability of a 
union equilibrium. The intuition behind the 
downward shift in the opportunity locus is 
this: for a given union wage, a larger supply 
of labor results in a larger spillover of workers 
into the nonunion sector. In order to clear 
that market, the nonunion wage must fall by 
more than it would have had the supply of 
labor been fixed. Thus, Wy is lower for any 
given W,, and the opportunity locus shifts 
downward. Analogously, for the critical in- 
difference curve, since the probability that a 
given worker will obtain a union job is lower 
the more workers there are in the industry, 
and, since an elastic labor supply implies 
more workers, at a given union wage the 
worker requires a higher nonunion wage to 
obtain the same level of expected utility. As 
a result, the critical indifference curve shifts 
upward. 

At the extreme, the supply of labor to the 
occupation is perfectly elastic. Then, no 
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union equilibrium could exist because raising 
the expected wage, even trivially, above the 
competitive wage brings about an infinitely 
sized labor force so that the probability of 
obtaining a union job falls to zero and all 
"workers prefer the competitive situation. To 
the extent that the union can restrict entry 
into the occupation, this produces some in- 
elasticity to the labor supply function and 
this case is then handled by the previous 
discussion. 

It might be reasonable to argue that the 
long-run supply of labor to an occupation is 
more inelastic than to an industry. Hetero- 
geneity and talent across occupations make 
this a reasonable proposition. Historically, 
craft unions were organized before industrial 
unions and there is some evidence that the 
former have been more successful than the 
latter.!! 


B. The Demand for Labor 


Inelasticity of demand for labor does not 
necessarily increase the probability that a 
union will form. The reason is that although 
a smaller number of workers are displaced 
for a given increase in the union wage when 

‘the demand is inelastic, a given displacement 
reduces the nonunion wage by a greater 
amount when the demand is inelastic. Since 
a reduction in the nonunion wage implies a 
decrease in expected utility, the net effect 
of demand inelasticity is. ambiguous. Effects 
on the nonunion sector were ignored by 
Marshall. 

Surprisingly, what is important is the con- 
vexity of the demand curve. As the demand 
curve becomes more convex, a given increase 
in the union wage results in a smaller dis- 
placement of workers. At the same time, that 
given displacement into the nonunion sector 
reduces wages by a smaller amount when the 
demand curve is convex. As the result, the 
opportunity locus shifts upward and the crit- 
ical indifference curve shifts downward. 

This is no mere curiosity, for it carries 
with it the implication that as the demand 
for product. becomes more inelastic, the 
probability that that industry is unionized 


‘See H. Gregg Lewis (1963) and Albert Rees (1962). 
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rises. The reason is that the more inelastic is 
product demand, the more convex is the 
relevant labor demand curve. 

This is easily seen in Figure 2. Starting at 
the initial equilibrium, given by (R/S, We), 
let the union raise- the wage rate to Wy. The 
wage increase shifts average costs up for 
union firms by raising the price of labor and 
for nonunion firms, by raising the amount of 
resources expended by the marginal firm to 
defeat the union. If the demand for product 
is not perfectly elastic, then output price 
rises and the demand for labor shifts from 
d(W) to d(W) so that each union firm. em- 
ploys 1, rather than 1, of labor. Similarly, 
nonunion firms employ 1, of labor and Wy 
is the solution to equation (1). The relevant 
demand curve is then AB and BC for non- 
union firms which adds “convexity” to the 
demand for labor. Further, the more inelastic 
is the demand for output, the larger is the 
increase in the price of the product associ- 
ated with a given change in cost; this makes 
the demand curve even more convex. Since 
convexity increases the likelihood of a union 
equilibrium, a less elastic product demand 
results in a higher probability of a union.'* 
Thus, Marshall's early statement is correct. 


"There are additional second-order effects. There is 
no guarantee that the reduction in output by union 
firms plus the increase in output by nonunion firms will 
yield the net reduction in total output required as we 
move up the product demand curve. This will require a 
change in S, the number of firms in the industry. 
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C. The Cost of Operating the Union 


Above it was pointed out that as the cost 
of running the union, Z, rises, the likelihood 
of a union equilibrium diminishes. What is 
also true, however, is that, as that cost rises, 
the optimal union wage and. resulting 
union/nonunion wage differential rises as 
well. Additionally, the proportion of workers 
with union jobs falls as operating costs rise. 

In the context of Figure 1, the reason is as 
follows: an increase in Z does not affect the 
opportunity locus since Z does not enter 
equation (1). But, it can be shown that as Z 
rises, the slope of the indifference curve 
through every point in the space falls. Flatter 
indifference curves imply that the tangency 
between an indifference curve and the op- 
portunity locus lies farther to the right. This 
necessarily i increases the optimal union wage. 
Further, since the union/nonunion wage dif- 
ferential can be measured by the vertical 
distance between the 45? line and the op- 
portunity locus, and since the slope of the 
opportunity locus can be shown to be less 
than one, it is necessarily the case that the 
union/nonunion wage differential rises with 
Z as well. 

Consider, then, a Jaw that makes it more 
costly to oppose the union. To the extent 
that this is interpretable as lowering Z, such 
a law increases the probability of union- 
ization but decreases the optimal union 
wage and union/nonunion differential. 
Thus, right-to-work states should have a 
lower próportion of union workers, but the 
union/nonunion wage differential in those 
states should be larger than in non-right-to- 
work states. Incidentally, this yields the 
somewhat paradoxical result that pro-union 
legislation may actually increase efficiency. 
Although it raises the number of industries 
that are unionized, it reduces the amount of 
distortion in each so that the total effect is 
ambiguous. 


D. Nationals and Locals 


The discussion so far has been in the con- 
text of a union selecting a wage for an entire 
industry or occupation, more like bargaining 
at the national than local level. Now suppose 
that each firm's R/S workers act indepen- 
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dently. The result is that the local union does 
not maximize the worker’s expected wealth. 
The local union’s behavior affects the market 
price and the. aggregate probability that a 
worker obtains a union job, but the local 
union does not recognize that fact. Further, 
the local may establish a wage that is too low 
rather than too high. The analysis is lengthy 
and complicated and the reader is referred to 
my 1983 article for the complete discussion. 
The point, however, may be summarized in a 
few lines. 

Locals and nationals differ primarily in 
two respects: first, a small local union might 
reasonably assume that its actions have no 
effect on the equilibrium nonunion wage. 
Second, an existing local ignores the affect 
that a change in that wage has on altering 
the probability that the firm will defeat the 
union. Because workers in each local do not 
take these effects into account, they may 
tend to favor unions to too great an extent. 
This yields the implication that the broader 
is the definition of the voting population, the 
more likely is the unit to recognize the market 
effects and, therefore, the less likely is the 
establishment of a union. 

The obvious conclusion to be drawn here 
is that locals have an incentive to delegate 
wage-setting responsibilities to the nationals. 
Although any one local may be better off 
when locals adopt myopic behavior, the rest 
are sufficiently worse off to reduce the aver- 
age wealth. To the extent that some lose and 
others gain, it may be necessary to couple the 
delegation of responsibility with transfers 
from one local to another. A centralized 
strike or pension fund, for example, which 
doles out benefits in accordance with some 
prearranged formula might be such a trans- 
fer mechanism. 


E. Threat Effects and the Measurement 
of Union Power 


It is well known that the observed union 
differential may understate the true effect of 
the union on wage rates because nonunion 
firms, in attempting to discourage their 
workers from becoming unionized, pay more 
than the competitive wage.? The spillover of 


PSee Rosen (1969) for a discussion. 
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workers into the nonunion sector has the 
opposite effect. This is easily seen in the 
context of Figure 1. At any given union 
wage, the true amount by which unions raise 
wages is Wy — Wo measured as the vertical 
distance between the 45? line and the hori- 
zontal line at Wo. The observed wage dif- 
ferential, however, is Wy — Wy, or the verti- 
cal distance between the 45? line and the 
opportunity locus. Since the opportunity 
locus is always below the competitive wage, 
the observed differential overstates rather 
than understates the true effect of unions on 
wages. Furthermore, since the difference 
between the competitive wage and the non- 
union wage shrinks as the union wage ap- 
proaches either the competitive wage or in- 
finity, the overstatement of the true effect is 
smallest when the proportion of workers in 
the union is close to zero or one. 

It is important here to recognize that the 
assumption that C; does not take the form of 
an observed wage payment to nonunion 
workers is essential. In the standard threat- 
effect approach, the reason that the union/ 
nonunion wage differential understates the 
true effect of unions is because the non- 
union wage is brought up toward the union 
wage in an attempt to defeat the union. 
Lawrence Kahn and Freeman and Medoff 
provide evidence that threat effects are 
swamped by the wage depressant effect. 

This raises a more fundamental issue. 
Given the logic of this paper, it is useful to 
inquire what we can learn from looking at 
wage differentials in relationship to other 
variables, especially the proportion union- 
ized. The observed pair (Wy, Wy) is the out- 
come of the union's optimization problem. 
Suppose that all unions faced the same op- 
portunity locus and differed only in Z, the 
cost of running the union. Recall that as Z 
rises, the optimal union wage rises and the 
proportion in the union falls, so occupations 
for which the costs of running a union are 
high have a high wage differential and few 
workers. From the low P, some might infer 
that the union is weak. From the high wage 
differential, others might infer that the union 
is strong. In some real sense, however, power 
is the same across occupations because the 
opportunity locus is unchanged. In another 
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sense, the high Z occupation is less powerful 
since its costs are higher and expected wealth 
lower. One might conclude that union power 
and proportion in the union are negatively 
related. Finally, a regression of the wage 
differential on the proportion in the union 
would yield a negative coefficient. If the 
opportunity locus shifts as well, the interpre- 
tation is even more confused. This suggests 
that inferences drawn with respect to union 
power on the basis of the classic study by 
Lewis or that by Rosen might be reexamined 
in this light.'^ 


F. Quantity Restrictions and 
Price Discrimination 


It is well known that a monopolist with 
the power to do so should always set quan- 
tity equal to the efficient level.^ Allowing 
the monopolistic union either to price dis- 
criminate or to set quantity as well as price 
through all or nothing contracts eliminates 
much of the inefficiency due to unions and 
results in a higher level of wealth for workers. 

There are a number of ways by which a 
union can extract all the rent without affect- 
ing the quantity employed. One simple 
method is to use a two-part pricing scheme. 
The union wage is set equal to the competi- 
tive wage but the union requires a lump sum 
payment from the firm that is independent 
of the number of workers hired. The compet- 
itive wage guarantees that the firm hires the 
efficient number of workers and the lump 
sum extracts the rent in the most efficient 
manner. The finding by Freeman (1978) that 
union workers receive a higher proportion of 
compensation as fringes might be explained 
as part of the rent-extracting policy. An al- 
ternative strategy with equivalent results is to 
cal out a higher union wage but require 
simultaneously that the firm employ the 
competitive number of workers. All rent can 
be extracted in that fashion as well without 
sacrificing efficiency. 


^A similar point is made by Jacob Mincer (1981). 
His mechanism is somewhat different, however, since in 
his model workers queue as unemployed individuals. 

15See Wassily Leontief (1946), William Fellner (1947), 
and Robert Hall and David Lilien (1979). 
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The firm is unlikely to sit by idly while all 
of this is occurring. The attempt by unions to 
charge a lump sum to firms provides incen- 
tives to merge. Similarly, at any wage rate 
higher than the competitive wage firms will 
resist the attempt by the union to require 
that the work force be held at its initial 
pre-union level. This has the appearance of 
* featherbedding," the requirement the firms 
hire more labor than they freely choose. This 
type of featherbedding is efficient, however. 
It provides that a Pareto optimum is reached 
since the competitive number of workers is 
employed. Furthermore, there is no offer that 
the firm can make to the union which will 
induce the union to eliminate this type of 
featherbedding, since it is an optimal rent 
extracting strategy as well Inefficient 
featherbedding, where all could truly be made 
better off by its elimination, is discussed 
below. 


IIl. A Multiperiod Model 


To this point the analysis has involved a 
one-period model where all workers are as- 
sumed to be identical Yet, many of the 
interesting features of unions relate to worker 
differences and to how those differences are 
coordinated to produce a long-term relation- 
ship. Certainly of primary importance in this 
context is the issue of age and seniority. 
When workers vary by age and treatment of 
those workers is contingent upon age within 
the union, it seems natural that one group 
might compete with another. Structuring the 
union along seniority lines avoids this com- 
petition and as the result, the implications of 
the one-period model carry over to the multi- 
period context. 

An overlapping generations model cap- 
tures the essence of life cycle differences 
within the union. Assume that workers live 
two periods and that there are Y young 
persons born into the occupation each period 
so that R=2Y is the labor supply. All 
workers are equally productive. How will 
union jobs be allocated by age? Suppose that 
all young workers had first claim to unión 
jobs. If the occupation is less than com- 
pletely unionized, then some older workers 
are left without union jobs. Those workers 


LAZEAR: MONOPOLY UNIONISM 639 


have an incentive to negotiate with the union 
employer and to offer services at a wage that 
exceeds the nonunion wage, but is less than 
the union wage. The union may or may not 
successfully defeat such attempts at “scab- 
bing" by older workers. But the presence of 
such offers clearly raises the cost of operat- 
ing the union and makes a union equilibrium 
less likely. 

Consider the reverse situation. Let old 
workers have first claim to union jobs, but 
dole out the remaining union positions to the 
young workers. Young workers who care ` 
about expected lifetime wealth behave no 
differently. They remain loyal to the union 
even as nonunion workers because their en- 
try into union jobs can be made contingent 
upon their cooperative behavior. Nor do old 
workers have any incentive to undermine the 
union since they are the individuals who reap . 
the current benefits of such a scheme. As the 
result, the costs of operating the union are 
reduced which results in a higher expected 
lifetime wealth for all workers. Allocating the 
monopoly rents, first to the most senior 
workers and then to the junior workers, pre- 
serves incentive compatibility in a way that 
random assignments with respect to age does 
not.'!©.The immediate implication is that 
union workers will tend to be older than 
nonunion workers. 

A similar argument applies to retired 
workers as well. Since retired workers possess 
skills similar to those of the current work 
force, it may be important to discipline them. 
Some retired workers might desire to work 
occasionally and might offer their labor at a 
wage rate less than the union wage to union 
firms. If these workers can be punished for 
their anti-union behavior, then all workers 
can be made better off. Pensions may play 
an important role here. To the extent that 
old workers receive large pensions which are 
controlled at least in part by the union, 
scabbing may be discouraged. This suggests 
another reason why workers may receive a 
greater part of their lifetime compensation in 
the form of pensions than nonunion workers. 


16A similar mechanism is discussed in my 1979 and 
1981 studies. 
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“Inefficient featherbedding" can be ra- 
tionalized along the same lines. The ad- 
vantage to featherbedding is that the individ- 
ual’s payment is tied to the continued success 
of the union. A worker who is simply bought 
out of his union rights would otherwise have 
an incentive to undermine the union after his 
payoff was received. 

Two additional points are worth mention- 
ing: first, in a multiperiod context, P, the 
proportion of union workers should be rein- 
terpreted as the proportion of each individ- 
ual’s lifetime spent in the union. Workers 
spend the first (1— P) years of their lives as 
nonunion workers and the last P years as 
union workers. Second, nonunion workers 
play a role even though they are not in the 
union. The situation where young workers 
queue up for union jobs and eventually be- 
come part of the union is probably best 
exemplified by the building trades. A worker 
may have to wait a number of years before 
he obtains a union card, and even then jobs 
may be assigned in an order related to 
seniority. If he does not obtain a union job 
on a given day, he may work in a nonunion 
job at a lower wage, but obviously cannot 
offer his services to the union employer. His 
willingness to comply rests on his knowledge 
that he will someday be the more-senior 
worker who reaps the returns of the union 
wage. 


A. The Age Structure of the Union 


More formally, P, is the probability that 
an old worker obtains the union job and Py 
is the probability that a young worker ob- 
tains a union job, then when jobs are allocat- 
ed first to old workers and then to young 
workers the following expressions hold: 


if P21/2 


1 
(6) Po= {op if P<1/2, 


where P=S(1—G)d(W,)/R. 


2P-1 if P>1/2 
(7) Py={ 0 if P<1/2. 


If we define A, as the average age of old 
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workers and Ay as the average age of young 
workers, then the average age of union and 
nonunion workers can be specified: 





"umo PP 
(8a) Ay= 5p Ao if P<1/2, 
- A, (Q2P-l1l)- . 
(8b) Ky = 204 QD if P21/2, 
- (1-2P)A Ay 
Ay = ML + aM 
(8) Ay 2ü0-P)  21—P) 
if P<1/2, 
- (2-2P)4y - 
(8d) y= SEL if P2172. 


Differentiation of equations (8) yields a 
number of interesting implications. First, 
as the proportion of the industry that is 
unionized rises, the average age of both 
union and nonunion workers falls. The intui- 
tion is that a larger proportion of union jobs 
induces the union to dip more deeply into 
the population of young workers. This lowers 
the average age among union workers. Addi- 
tionally, since even among young workers, 
the oldest are taken first, increasing the size 
of the union sector leaves an even younger 
average group of nonunion workers. This is 
easily testable. 

Additionally, one can derive a relationship 
between the difference between the average 
age of union and nonunion workers and the 
proportion of workers in the union. Differ- 
entiation of (8) with respect to P yields the 
following result. The difference between the 
average age of union workers and that of 
nonunion workers within an occupation or 
industry first rises and then falls with in- ` 
creases in P. This too is easily tested. 


B. Attrition 


Some occupations are characterized by 
higher turnover rates than others. There are 
a number of arguments that can be made 
that suggest that the costs of organization 
rise with the average rate of turnover within 
an occupation (obviously the turnover rate is 
not exogenous and independent of the result- 
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ing union and nonunion wages). To the ex- 
tent that Z rises, we have already derived a 
number of implications. First, industries 
where turnover rates are high are less likely 
to be unionized. Second, those high turnover 
rate industries that do become unionized 
should exhibit large union/nonunion wage 
differentials. 


C. Multiperiod and Single Period Models 


The link between the overlapping-genera- 
tion model in the simple one-period model is 
this: young workers in a multiperiod world 
behave exactly like single period wealth max- 
imizers. Their critical indifference curves and 
their view of the opportunity locus are iden- 
tical to those of individuals who live only 
one period. Old workers, however, may pre- 
fer a union equilibrium even when single 
period workers prefer the competitive equi- 
` librium because the probability that an old 
worker obtains a union job exceeds P. 

'This poses no problem under a number of 
circumstances. The most straightforward res- 
olution relies on the notion that the median 
voter is a young worker.! Although all young 
workers are not formal members of the 
union, their explicit or implicit acquiescence 
is necessary for the maintenance of a union 
equilibrium. Old workers would like to ignore 
the nonunion young workers in selecting Wy, 
but their persistence in following that strategy 
is not viable because young workers have an 
incentive to undermine such a union and 
replace it with a lifetime wealth-maximizing 
one. In fact, the young could pay old workers 
enough to induce the old workers to follow 
the broader lifetime wealth-maximizing pol- 


icy. Entry fees and contributions by the cur- 


rent union workers to the retired workers' 
pension fund might be reinterpreted as a 
transfer of this sort. 

Since young workers behave the same as 
workers who live for only a single period, 
and since a young worker is the marginal 
worker, the solution, which reflects the pref- 
erence of the young worker, is identical to 


"See Farber for discussion of some basic aspects of 
union equilibrium in a median voter world. 
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that in the single period world. Therefore, all 
results-of that section hold." 


D. Age-Earnings Profiles 


Given that young workers are less likely to 
be union workers than are old workers within 
an occupation, there is a natural tendency 
for wages to grow over the life cycle as 
workers move from nonunion to union jobs. 
This is true even if productivity does not 
grow over the life cycle. 

More important, within a union firm, age- 
earnings profiles will be flatter than they are 
in nonunion firms. The reason is that unions, 
in order to maintain stability, want the old 
rather than young workers to receive the 
benefits of the union. But in most industries 
and occupations, the firm, rather than the 
union, hires workers. A way by which the 
union can discourage the firm from hiring 
young workers is to overprice them relative 
to more experienced workers. This provides 
the union firm with incentives to hire the 
workers which the union would have selected. 

The same argument applies to blacks and 
other groups that the union wants to keep 
out. The idea is to overprice black labor 
relative to white labor. Orley Ashenfelter 
(1972) finds support for this. Blacks are 
somewhat less likely to be in unions than 
whites, but those who are enjoy a smaller 
black-white wage differential. 


E. Business Cycle - 


Finally, Lewis réports that union workers 
do relatively better during cyclical down- 
turns. The age-based incentive mechanism 
provides an explanation. Since incentive 
compatibility requires that old workers in 
unions receive benefits relative to young, 
seniority may be more important in de- 
termining layoff priority in union firms. As 
such, the average age of union workers rela- 
tive to nonunion workers should rise during 
cyclical downturns and since age-earnings 
profiles are positively sloped, wage differen- 
tials will increase. This is easily tested by 


Again, see my 1983 study for the formal proofs. 
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examining the way in which Åy — Ay moves 
over the business cycle. Also, controlling for 
age should eliminate most of the counter- 
cyclical wage differential movement. 


IV. Conclusion 


This paper derives a large number of im- 
plications for the behavior and effects of 
unions. Although speculative, many are easily 
tested. The model is based on the standard 
assumptions in economic theory: firms maxi- 
mize profit and workers maximize expected 
utility. The model is consistent in that it 
permits the coexistence of union and non- 
union firms in the same product market and 
allows a queue for union jobs while non- 
union wages are determined competitively. 
Incentive compatibility suggests that senior- 
ity plays an important role in the union and 
implications on the age structure and age- 
earnings profile in union and nonunion firms 
are derived. 
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The Money Supply Announcements Puzzle: 
Review and Interpretation 


By BRADFORD CORNELL* 


The extent to which money affects the ex 
ante real interest rate is an issue debated for 
decades. The debate continues because em- 
pirical studies designed to measure the im- 
pact of monetary policy on the real rate are 
inconclusive. The problem is that money, 
prices, and interest rates, as well as Federal 
Reserve policy, are all endogenous. As a 
result, empirical tests of the relations among 
these variables are ambiguous without a 
structural model. Unfortunately, there is not 
yet a consensus on the appropriate structural 
model. 

In this respect, studying the reaction of 
asset prices to money supply announcements 
presents a unique opportunity. Unlike the 
actual money supply, money supply an- 
nouncements are exogenous. The money 
supply figure the Federal Reserve reports on 
Friday afternoon (previously Thursday after- 
noon) is the Fed's estimate of the money 
stock for the reserve week ending nine days 
earlier. At the time it is announced, the re- 
ported figure does not depend on the Fed 
policy, asset prices, or inflation. This means 
that if significant correlations are found be- 
tween money supply announcements and 
changes in the prices of bonds and other 
assets, the direction of causation must run 
from the announcements to asset prices 
rather than vice versa. By examining these 
correlations for assets whose prices depend 
on the ex ante real interest rate, insight can 
be gained into the relation between the mon- 
ey stock and the real rate. 


* Associate Professor of Finance, Graduate School of 
Management, University of California-Los Angeles, Los 
Angeles, CA 90024. I thank Jeff Frankel, Milton Fried- 
man, Ron Masulis, Alan Shapiro, Lee Wakeman, and 
particularly Eugene Fama and Richard Roll for valuable 
comments on earlier versions of this paper. A pre- 
liminary version of this paper was presented at the Fall 
Academic Conference of the San Francisco Federal 
Reserve Bank. 
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Another advantage in working with money 
supply announcements, rather than actual 
changes in the money supply, is that the 
observation interval can be greatly reduced. 
For example, studies by' Frederic Mishkin 
(1981a,b, 1982) and Gerald Dwyer (1981) 
which examine the relation between inter- 
est rates and actual innovations in the 
money stock rely on monthly or quarterly 
data. The long observation interval is neces- 
sary to produce reliable estimates of the ex- 
pected and unexpected change in money. On 
the other hand, studies of the relation be- 
tween interest rates and announced innova- 
tions in the money supply use observation 
intervals of from two hours to one trading 
day. Unless the impact of monetary shocks 
on asset prices persists for a quarter or more, 
tests based on the shorter observation inter- 
val are more powerful. 

Since the Federal Reserve’s stated change 
in operating procedure on October 6, 1979, 
academic research on the impact of money 
supply announcements has increased. Be- 
tween the beginning of 1981 and early 1983, 
more than a dozen papers on the subject 
appeared. In addition to presenting empirical 
results, these papers offer explanations for 
the positive correlation between announced 
innovations in money and changes in short- 
term interest rates observed by practitioners. 
Thomas Urich and Paul Wachtel (1981) ex- 
tend the Keynesian model popularized in the 
financial press, my article (1983) stresses the 
impact of expected inflation, Donald Nichols, 
David Small, and Charles Webster (1983) 
point to the role of exogenous shocks to 
money demand, and Charles Engel and Jef- 
frey Frankel (1982) attempt to derive a gen- 
eral model incorporating all three effects. In 
this paper, a fourth link between money 
supply announcements and asset prices, 
based on variation in risk premiums, is pro- 
posed. 
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Since each of the theories is designed to 
explain the positive correlation between an- 
nounced money supply innovations and 
changes in short-term interest rates, tests 
using other assets are required to distinguish 
between the alternative hypotheses. These 
tests have a value beyond providing informa- 
tion on the market response to money supply 
announcements. The theories differ primarily 
in the way money is assumed to affect infla- 
tion, real activity, and the ex ante real rate. 
By comparing the theories, insight is gained 
into the relations among these variables. Thus 
studies of the reaction of asset prices to 
money supply announcements can provide 


partial answers to some of the most funda- . 


mental questions in monetary theory. 
Unfortunately, a majority of the empirical 
papers do not concern themselves with this 
broader problem. Though there are excep- 
tions, most of the papers focus on the re- 
lation between money supply announce- 
ments and the price movements of one 
specific asset such as Treasury bills, Treasury 
bonds, stock or foreign exchange. One pur- 


pose of this paper is to summarize and to - 


extend the existing empirical literature. By 
drawing together recent empirical findings, 
and augmenting them with the results of new 
tests, answers to more general questions are 
suggested. 

The paper is organized as follows. Section 
I contains a review of the theories designed 
to explain the relation between money supply 
announcements and asset prices. The review 
focuses on the role each of the theories as- 
signs to expectations about the future supply 
of and demand for money, and the relation 
between these expectations, inflation fore- 
casts, and the ex ante real rate. Section II 
presents empirical results on the reaction of 
asset prices to money supply announcements 
and compares them with the findings of pre- 
vious studies. Results of tests based on the 
times-series behavior of expected money are 
also reported. In Section III, the competing 
theories are evaluated in light of the empiri- 
cal evidence. Though the tests show that 
money stock announcements have an impact 
on the ex ante real rate, it is still not possible 
to conclude that monetary policy affects the 
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ex ante real rate, because the announcements 
may function solely as signals which reveal 
information about other real variables. 


I. Money Supply Announcements and 
Asset Prices: The Theory 


There are at least four channels through 
which information about the money stock 
can affect asset prices. To illustrate the link- 
ages, it is useful to begin with the Fisher 
equation, (1), which states that the nominal 
interest rate equals the expected real rate 
plus expected inflation, 


(1) i,7 En, VM) EQ); 


where both expectations are conditional on 
the information available at time 7. In terms 
of equation (1), money supply announce- 
ments affect interest rates by altering the 
information set and thereby changing expec- 
tations. It is important to stress that this is 
the only way that announcements can affect 
rates, since they have no impact on the ac- 
tual money stock. 


P 


A. The Expected Inflation Hypothesis 


The most obvious link between money an- 
nouncements and short-term interest rates is 
through expected inflation. (See Eugene 
Fama, 1975, for a detailed discussion.) The 
hypothesis is that announcement of an un- 
anticipated jump in the money stock leads to 
expectations of higher inflation and thus to 
an increase in short-term interest rates, while 
announcement of an unanticipated drop in 
money has the reverse effect. One require- 
ment of the expected inflation approach is 
that prices respond quickly to changes in 
money. If prices take several months to re- 
spond, as some authors have suggested, then 
rational agents would not alter their short-run 
inflation forecasts on the basis of a money 
supply announcement and rates of return on 
short-term assets like Tipy bills would 
not be affected. 

The predicted response of long-term rates 
depends on how agents interpret the money 
supply announcements. If they permanently 
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alter their anticipations regarding future 
money growth and future inflation, then long 
rates will change as much as short rates. 
Conversely, if Jong-term inflationary expec- 
tations remain largely unaffected by one 
week's report on the money stock, then the 
impact on long rates will be small. However, 
both short- and long-term rates should move 
in the same direction. ' 

Turning to the foreign exchange market, a 
rise in the expected rate of inflation unam- 
biguously implies that the dollar should de- 
preciate against other currencies. Ceteris 
paribus, higher expected inflation reduces the 
demand for dollars; as a result, the dollar 
declines in the foreign exchange market. 

The predicted response of stock prices is 
not so straightforward. If all markets were 
perfect and if there were no taxes, then 
changes in expected inflation would have 
little impact on stock prices because antic- 
ipated corporate cash flows, and the rate at 
which those cash flows are discounted, would 
be adjusted by offsetting amounts. Of course, 
this prediction. breaks down if there are taxes 
(see Martin Feldstein, 1980), or if market 
imperfections induce firms to contract in 
nominal terms (see Kenneth French, Richard 
Ruback, and G. William Schwert, 1983). 
Furthermore, empirical studies by Charles 
Nelson (1976), Fama and Schwert (1977), 
and Schwert (1981), among others, show that 
stock returns are negatively correlated with 
both expected and unexpected inflation. 
However, Robert Geske and Richard Roll 
(1983) present evidence which indicates that 
the negative correlation arises because falling 
stock prices signal higher inflation, not be- 
cause higher expected inflation leads to a 
drop in stock prices. To be conservative, 
therefore, the relation between stock prices 
and expected inflation is judged to be am- 
biguous. Fortunately, a definitive answer is 
not required for the empirical tests. 

To summarize, the expected inflation hy- 
pothesis predicts that in response to an unex- 
pected increase in the money supply: (i) 
short-term interest rates will rise; (ii) long- 
term rates will rise, but the increase will be 
less than for short-term rates unless the 
change in expected inflation is permanent; 
(iii) the dollar will depreciate against other 
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major currencies; and (iv) stock prices may 
move up or down depending on the role of 
taxes, nominal contracting by firms and other 
markets imperfections. 


B. The Keynesian Hypothesis 


A second possible link between money 
and asset prices is through the expected real 
rate. For this link to work, it must first be 
the case that actual innovations in money 
affect the ex ante real rate. The best known 
theory that posits such a link is the Keynes- 
ian liquidity preference model with sticky 
prices. The workings of the model are il- 
lustrated by assuming that the money de- 
mand function takes the simple form 


Q) M/P = f(Y, i), 


where M = the nominal stock of money, P = 
the price level, and Y — the level of real 
income. 

A liquidity effect exists because the price 
level does not respond instantaneously to 
monetary shocks. For this reason, the inter- 
est rate must adjust to clear the money 
market. A sudden increase in the supply of 
nominal money balances, for instance, causes 
real money balances to rise because prices 
are sluggish. To clear the money market, the 
interest rate must fall to produce an offset- 
ting increase in money demand. Since ex- 
pected inflation will rise, if it is affected at 
all, the decline in the nominal rate must be 
due to a drop in the ex ante real rate. How- 
ever, this liquidity effect is a short-run phe- 
nomenon. The interest rate starts to return to 
its initial level as soon as prices begin to 
adjust. When the adjustment of prices is 
complete, the interest rate is back at its start- 
ing point. ] 

If actual changes in money affect the 
ex ante real rate, then announced changes 
will also have an impact if they alter antic- 
ipations regarding future Fed policy. The 
most common approach is to assume that the 
Fed is attempting to control the growth rate 
of monetary aggregates. In this context, an 
unexpected jump in the money stock leads 
market participants to believe that the Fed 
will have to tighten credit to offset the rise. 
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Because agents anticipate that future tighten- 
ing will lead to higher rates via the liquidity 
effect, they bid aggressively for funds and 
drive up the current interest rate. Urich and 
Wachtel (1981) refer to this scenario as the 
policy anticipation effect. 

If the policy anticipation effect is correct, 
money supply announcements should have a 
different impact on short-term interest rates 
compared to long-term interest rates. There 
are two possible cases. In the first instance, 
the anticipated period of monetary restraint 
is expected to be short-lived. In that case, 
only the spot rate and nearby forward rates 
are affected and the impact on thirty-year 
yields is minimal. On the other hand, if the 
anticipated period of monetary restraint is 
expected to be prolonged, distant forward 
rates, and hence long-term rates, will fall. 
The drop occurs because the liquidity effect 
is short-lived and because a prolonged period 
of monetary restraint will eventually reduce 
expected inflation. (I do not mean to rule out 
the possibility that expected inflation adjusts 
immediately, my point is simply to stress 
that economists of all persuasions would 
accept the proposition that prices and expec- 
tations respond in the long run.) 

In the foreign exchange market, a rise in 
the ex ante real rate will cause the dollar to 
appreciate. As Rudiger Dornbusch (1976) 
and Engel and Frankel describe, a higher 
U.S. real rate induces an incipient capital 
inflow which causes the exchange rate to rise. 

On the other hand, an increase in the 
ex ante real rate produced by monetary re- 
straint should lead to lower stock prices for 
two reasons. First, the discount rate rises to 
reflect the higher real rate. Secondly, expected 
corporate cash flow will decline if agents 
believe that an increase in the real rate 
depresses economic activity. 

In summary, the Keynesian hypothesis 
predicts that in response to announcement of 
an unexpected increase in the money supply: 
(i) short-term interest rates will rise; (ii) 
long-term rates will either decline or remain 
largely unaffected depending on whether the 
period of future monetary restraint is seen as 
being permanent or transitory; (iii) the dol- 
lar will appreciate against other major cur- 
rencies; and (iv) stock prices will decline. 


CORNELL: MONEY SUPPLY ANNOUNCEMENTS 647 


C. The Real Activity Hypothesis 


The next link between money supply an- 
nouncements and asset prices is based on the 
hypothesis that the announcements provide 
information about future money demand.' 
For the link to operate money demand must 
depend on expected future output, as well as 
current output. This proposition is strongly 
supported by Fama's (1982) empirical work. 
Fama finds that when both Y, and Y,, , are 
included in the money demand function, Y, , , 
is always highly significant in the estimated 
equations. He argues that this result occurs 
because actual future output serves as a proxy 
for expected future output. 

If money demand depends on expected 
future output, then individual agents cannot 
determine aggregate money demand, because 
other agents’ expectations are unobservable. 
In this context, money supply announce- 
ments provide information about expected 
future output. For example, an unanticipated 
increase in the money stock tells agents that 
aggregate money demand is greater than they 
forecast. On the basis of this information, 
estimates of future real activity rise. With 
higher expected future output, the real rate 
must rise to clear the market for consump- 
tion and investment. In addition, the in- 
crease in expected output leads to a rise in 
the current demand for money. Assuming 
that prices adjust slowly and that the Fed 
does not accommodate the increased de- 
mand, the ex ante real rate must rise to clear 
the money market. 

Vance Roley presents an example of the 
real activity hypothesis which is based on the 
current reserve settlement procedure. Under 
lagged reserve accounting, the new informa- 
tion provided by a larger than anticipated 
increase in money leads to an upward revi- 
sion of expectations about the demand for 
reserves through Wednesday of the current 
week. With a fixed supply of nonborrowed 
reserves, short-term yields must rise to equili- 
brate the market for reserves. It should be 
stressed that Roley’s example is a special 


‘Nichols, Small, and Webster develop a variant of 


. this approach. Similar models have also been analyzed 


by Gikas Hardouvelis (1982) and Vance Roley (1982). 


648 THE AMERICAN ECONOMIC REVIEW 


case. The real activity hypothesis does not 
depend on lagged reserve accounting. In fact, 
the real-activity hypothesis can hold even if 
money has no affect on the real rate as long as 
money stock announcements provide infor- 
mation about expected future output. 

According to the real activity hypothesis, 
the reaction of long-term rates to money 
supply announcements depends on how the 
announcements affect expected output over 
the life. of the bond. An expected spike in 
output, for instance, would have little impact 
on the long-term real rate. In general, unless 
agents interpret the information in the mon- 
ey supply announcement to imply that the 
shock to output is permanent, long rates will 
move in the same direction as short rates, 
but to a lesser degree. 

An expected rise in real activity will cause 
the dollar to appreciate for two related rea- 
sons. First, the increase:in the demand for 
. dollars directly affects the exchange rate. 
Second, the higher ex ante real rate asso- 
ciated with greater money demand leads to 
an incipient capital inflow. 

Information which causes agents to revise 
upwards their forecasts of future real activity 
should cause stock prices to rise. Though the 
discount rate will rise to reflect the higher ex 
ante real rate, the increase is more than 
offset by the growth of expected corporate 
cash flow. This must be the case because the 
reason for the higher real rate is an expected 
increase in output. In an empirical study 
(1981), furthermore, Fama finds a highly sig- 
nificant relation between rates of return on 
common stock and innovations in real activ- 


ity. 


To conclude, the real activity hypothesis - 


predicts that in response to an unexpected 
increase in the money supply: (i) short-term 
interest rates will rise; (ii) long-term rates 
will rise, but the increase will be less than for 
short-term rates unless the change in expected 
output is permanent; (iii) the dollar will 
. appreciate against other major currencies; 
and (iv) stock prices will rise. 


D. The Risk Premium Hypothesis 


In his classic paper (1958), James Tobin 
argues that money demand depends on 
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agents’ risk aversion and.on their perception 
of the riskiness of competing assets. Incorpo- 
rating Tobin’s insight, the money demand 
function can be written as 


(3 M/P=f(i,¥,0),df/d0>0, 


where @ is a parameter which depends on 
both aggregate risk aversion and aggregate 
beliefs about future security returns. The 
parameter @ is defined so that an increase in 
risk aversion or an increase in the risk of- 
financial assets causes @ to rise. Assuming 
that each agent knows only his own risk 
preferences and beliefs, money supply 
announcements provide information about 
other agents’ risk preferences and beliefs.” 
For example, holding real income constant, 
announcement of an unexpected jump in the 
money stock reveals that aggregate risk aver- 
sion has risen or that competing assets are - 
now. perceived to be riskier. In either case, 
the information causes required real returns 
to rise and asset prices to fall. In addition, 
the increase in money demand associated 
with a jump in 0 puts upward pressure on 
the real rate. EE 

A scenario consistent with the risk-aver- 
sion hypothesis is that large positive innova- 
tions in money put pressure on the Fed to 
*do something," and this makes future policy 
more uncertain. Uncertainty about monetary 
policy, in turn, increases inflation risk which 
causes risk premiums to rise. The impact of 
money stock announcements on long-term 
bond yields is large because of the degree to 
which these securities are exposed to infla- 
tion risk. Conversely, a negative innovation 
in money gives the Fed added leeway and 
reassures the market that no fundamental 
change in policy is forthcoming. 

One weakness of the risk premium ap- 
proach is that it does not adequately dis- 
tinguish between “money” and short-term 
interest bearing assets such as Fed funds and 
overnight repos. It is possible that an in- 
crease in @ will also cause the demand for 
these assets to rise relative to the demand for 
stock and long-term bonds. If there is a net 


21 am indebted to Richard Roll for suggesting the 
risk premium hypothesis as a possible alternative. 
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TABLE | — PREDICTED RESPONSES TO ANNOUNCEMENT OF AN UNEXPECTED INCREASE IN M1 


Expected Inflation Keynesian Real Activity Risk-Aversion 
Hypothesis Hypothesis Hypothesis Hypothesis 
A. Predicted Response 
of Asset Prices 
Three-month Rise Rise Rise Ambiguous 
T-bill yield 
Thirty-year Rise Ambiguous Rise Rise 
T-bond yield 
S&P 500 Ambiguous Drop Rise: Drop 
Stock Index 
German mark Rise Drop Drop No change 
(dollar price) 
B. Predicted Response 
of Expected Money 
Above average Decrease No prediction No prediction 
increase 


increase in the demand for short-term assets, 
then their yields will fall. In general, there- 
fore, the relation between 6 and the demand 
for interest bearing assets will be a function 
of the security's maturity. Though it is clear 
that the yields on thirty-year bonds will in- 
crease as 0 grows, there may be some matur- 
ity at which a switch occurs and the yield 
becomes a decreasing function of 0. This is 
an empirical question. 

If the information contained in money 
supply announcements causes risk premiums 
to increase, it is clear that stock prices will 
fall. In the case of foreign exchange, how- 
ever, the situation is less obvious. Though 
the ex ante real rate rises, this will not cause 
an incipient capital inflow if the higher real 
rate is fair compensation for the greater risk 
of holding dollar assets. To summarize, 
therefore, the risk-aversion hypothesis pre- 
dicts that in response to announcement of an 
unexpected increase in money: (i) short-term 
interest rates may rise or fall. However, the 
greater the maturity of the security, the more 
likely it is that its yield will increase; (ii) 
long-term rates will rise; (iii) stock prices 
will fall; and (iv) the dollar will remain 
unaffected. 


E. The Role of Expected Money 
In some cases, the competing hypotheses 


also make different predictions regarding the 
reaction of expected money to announced 


innovations. According to the expected infla- 
tion hypothesis, announcement of unantic- 
ipated increases in M1 lead agents to fore- 
cast faster money growth and higher future 
inflation. Conversely, the Keynesian hy- 
pothesis predicts that an unanticipated jump 
in the money stock causes agents to antic- 
ipate tightening by the Fed. Thus these two 
theories can be distinguished by examining 
the cross-correlation function between an- 
nounced innovations and changes in ex- 
pected money. If the expected inflation hy- 
pothesis is correct, the correlation between 
current innovations and future expected 
money will be positive, while the Keynesian 
hypothesis predicts that the correlation will 
be negative. The real activity and risk pre- 
mium hypotheses make no explicit predic- 
tions regarding the response of expected 
money to announced innovations. 


F. Predictions of the Theories 


The predictions of the competing hypothe- 
ses are summarized in Table 1. Notice that 
despite the ambiguities, no two hypotheses 
predict the same response of asset prices to 
money supply announcements. Thus, by 
studying the simultaneous reactions of all four 
assets to the announcements, at least three of 
the hypotheses can be rejected. The results 
can then be confirmed by checking whether 
they are consistent with the behavior of ex- 
pected money. 
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TABLE 2— SUMMARY STATISTICS? 


Mean Standard Deviation 


Sample period: January 5, 1978—October 4, 1979 
EM 


0.12 0.45 
UM 0.20 0.35 
DTB 2.58 10.61 
DLTB 0.69 2.71 
DSP 0.14 0.66 
DDM 0.05 0.55 
Sample period: October 11, 1979—December 18, 1981 
EM 0.06 0.26 
UM —0.04 0.58 
DTB 8.68 40.80 
DLTB | 457 18.60 
.DSP —0.14 1.13 
DDM 0.04 0.91 


Notes: UM = The unexpected change in the money supply in percent; EM = 
in percent; DTB = the change in the yield on the latest three-month Treasury bill, in basis points; DLTB = 


B1 P2 P3 P4 


0.00 —0.10 0.12 . 0.17 
—0.10 —0.21 — 0.02 0.02 
0.11 — 0.13 0.07 0.05 
0.05 —0.10 —021 —0.14 
0.03 0.03 —0.02 0.03 ` 
0.16 0.00 —0.15 > —0.03 
—0.03 0.03 0.05 0.16 
—0.09 0.03 — 0.03 : 0.21 
0.06 0.17 0.11 0.17 
0.08 0.00 — 0.04 0.08 
0.11 — 0.06 0.06 —0.01 
0.09 0.04 0.03 —0.03 


the expected change in the money supply 
the change 


in the thirty-year bond yield, in basis points; DSP — the percentage change in the S&P 500 stock price index; 
DDM - the percentage change in the dollar price of the German mark; DG — the percentage change in the price of 


gold; p, = sample autocorrelation for lags i = 1,2,3,4. 


*All changes in asset prices are measured from the close before the money supply announcement to the close after 


the announcement. 


JI. Empirical Results 
A. Asset Prices 


This section draws on both originàl re- 
search and the existing literature. The goal is 
to bring together all the evidence related to 
the predictions in Table 1. Though no previ- 
ous paper has examined the simultaneous 
response of all four assets to money supply 
announcements, results exist for each of the 
individual assets over a variety of sample 
periods. Therefore, my findings can be con- 
firmed by checking them against the results 
of related studies. 

The predictions in Table 1 are tested by 
regressing changes in the prices of three- 
month Treasury bills, thirty-year Treasury 
bonds, German marks, and the S&P 500 
stock index on both the expected and un- 
expected components of the money supply 
announcements. Changes in asset prices are 
measured from the market close before the 
money supply announcement to the close 
after the announcement. The Treasury bill 
and Treasury bond data were provided by 
the Federal Reserve Bank of San Francisco. 
The stock price data are taken from the 


Daily Stock Price Record and the foreign 
exchange data are taken from the Interna- 
tional Monetary Market Yearbook. The ex- 
pected change in the money supply is as- 
sumed to be equal to: the median of the 
Money Market Services survey for M1 (pre- 
viously M17 and before that M1). The Mon- 
ey Market Services survey is described. in 
detail by Urich and Wachtel (1982b). Previ- 
ous studies indicate that the survey median is 
a reasonable proxy for expectations. My 
(1983) article finds that the correlation be- 
tween survey forecast errors and changes in 
asset prices is higher than the correlation 
between changes in asset prices and forecast 
errors derived from an ARIMA .model. In 
addition, Engel and Frankel, Jacob Gross- 
man (1981) Roley, Douglas Pearce and 
Roley (1982), Urich (1982), and Urich and 
Wachtel (1982a) all report that: forecast er- 
rors derived from the survey data are highly 
correlated with changes in the prices of vari- 
ous assets. 

The sample runs from January 5, 1978 to 
December 18, 1981. This four-year period 
is divided into two intervals to take account 
of the Federal Reserve’s stated change in 
operating procedure on October 6, 1979. 
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DA ao a). ay. R? 
Sample period: January 5, 1978—October 4, 1979 
DTB 2.30 1.92 0.24 .063 
l (1.72) (0.77) (0.07) : 
DLTB 0.81 — 0.36 —0.42 .066 
l (2.38) (—0.56) (—0.52) 
,DSP 0.01 —0.18 0.13 . .063 
(1.62) (—1.19) (0.66) 
DDM — 0.001 0.10 — 0.06 .016 
(-0.72) (0.74) - (—0.35) 
Sample period: October 11, 1979-December 18, 1981 4 
DTB : 7.21 30.46 ; — 5.36 234 
: (1.97) ` (4.33) (—-0.35) 
DLTB : 3.48 15.01 3.16 3242 
(2.09) (4.68) (0.45) 
DSP — 0.001 —0.55 i —0.25 080 . 
(-084)  . (—2.63) (—0.55) 
DDM 0.001 — 0.40 —042 .050 
(0.16) (—2.35) "- sapi 
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'* TABLE 3— MONEY SUPPLY ANNOUNCEMENTS AND CHANGES IN ASSET PRICES? 


DA, — ag + a; UM, + a4 EM, + u, 
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Notés: See Table 2. i 
at-statistics are shown in parentheses. 


Summary statistics for the variables are pre- 
sented in Table 2. The table dramatically 


illustrates the increased volatility of interest - 


rates.after October 6, 1979. For instance, the 
standard deviatión of the change in the 
long-term bond rate on the day M1 is an- 


nounced inéreased by 6.7 times. On the other _ 


hand, the standard deviation of unantic- 
ipated changes in money increased only 1.7 
times and the standard' deviation of expected 
money actually declined. 

The regression results are reported in Ta- 
ble 3. It is convenient to summarize the 
results as a series of “empirical propositions." 
This makes for easy comparison with other 
studies and facilitates examination of the 
competing theories in the next section. 


PROPOSITION 1: The asset markets are 
efficient with respect to money supply an- 
nouncements in the sense that only the un- 
expected component of the announcement is 
correlated with ‘price changes. 


The proposition is clearly supported by 


Table 3. The. coefficient of the expected 
. change in the money supply is not significant 
for any of the assets. Similar findings are 


reported by Grossmian, Pearce and Roley, 
Roley, Urich, and Urich and Wachtel (1981, 
1982a) for individual assets. In some cases 
residuals from ARIMA models, rather than 
survey forecast errors, were used as the 
right-hand variable, marginally reducing the 
correlations, but not affecting the conclu- 
sions. 


PROPOSITION 2: After October 6, 1979, 
there is a highly significant positive correlation 
between changes in short-term interest rates 
and the unexpected component of money supply 
announcements. Prior to that date, however, 
the relation is weak. 


The results for three-month Treasury bills 
in Table 3 show that the t-statistic on UM is 
0.77 before October 6 and 4.33 after that 
date. Roley also uses three-month bill yields, 
but measures the change in the interest rate 
from 3:30 p.m. (EST) to 5:00 P.M., rather 
than from close to close. (The money supply 
announcement is at 4:10 P.M.) He finds that 
the t-statistic for the coefficient of UM rises 
from 2.44 before October 6 to 6.84 after 
October 6. The effect is not unique to three- 
month Treasury bills. Studies by myself 
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(1983) and Hardouvelis show that yields on 
securities from overnight Fed funds to one- 
year Treasury bills are positively correlated 
with announced innovations in the money 
stock. Further supporting evidence is pro- 
vided by Urich, and by Urich and Wachtel 
(1982b). The only debatable issue in the liter- 
ature is whether unexpected money supply 
announcements had a significant impact on 
short-term interest rates before October 6, 
1979. Urich and Wachtel (1981) and Roley, 
for instance, find some marginally significant 
coefficients. More importantly, both Roley 
and Urich and Wachtel (1982a) find that the 
correlations are higher when the unantic- 
ipated money supply announcement pushes 
money growth rates outside the targets set by 
the Federal Reserve. Finally, these results 
hold for both survey forecast errors and AR- 
IMA model residuals. 

When the money supply figures are re- 
leased, the Fed also announces any revision 
in the previous week’s estimate. It is possible, 
therefore, that unexpected revisions account 
for part of the movement in asset prices. The 
only test of this hypothesis is conducted by 
Roley. Assuming that the expected revision 
is zero, Roley finds that unanticipated revi- 
sions have no significant impact on Treasury 
bill yields. In the remainder of this paper 
revisions are ignored. 


PROPOSITION 3: The reaction of long-term 
bond yields is similar to the reaction of short- 
term bill yields. Though the regression coeffi- 
cient is smaller, the t-statistic is just as high. 
Once again, the effect is only observed after 
October 6, 1979. 


If long-term yields respond to money 
supply announcements it must be the case 
that forward rates, as well as current spot 
rates, are affected. Hardouvelis directly tests 
this hypothesis. In light of Table 3, it is not 
surprising that he finds that money supply 
announcements have a significant impact on 
the ten-year forward rate, ten years forward. 
My (1983) article studied the reaction of a 
variety of Treasury securities to money 
supply announcements. I found that the cor- 
relation between yield changes and an- 
nounced innovations in money is essentially 
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constant for securities with maturities rang- 
ing from one day to thirty years. 


PROPOSITION 4: Announced innovations in 
the money supply are negatively correlated 
with changes in the dollar price of foreign 
exchange, but only after October 6, 1979. 


The results for the German mark pre- 
sented in Table 3 are similar to the findings 
of Engel and Frankel. My (1982) article and 
Hardouvelis report that the correlations are 
also negative for the British pound, Canadian 
dollar, French franc, Japanese yen, and Swiss 
franc, though the estimates are significant 
only in the case of the yen and Swiss franc. 


PROPOSITION 5: After October 6, 1979, 
announced innovations in the money supply 
are negatively correlated with stock price re- 
turns. There is also marginal evidence of nega- 
tive correlation before October 6. 


Though the results in Table 3 for the S&P 
500 index show that announced money 
supply innovations are negatively correlated 
with stock prices both before and after Oc- 
tober 6, 1979, the correlation is not signifi- 
cant before the Fed’s change in operating 
procedure. Using the Dow Jones Industrial 
Average and a sample period from Septem- 
ber 1977 to October 1981, Pearce and Roley 
report a t-statistic of — 3.6 for the coefficient 
of UM before October 6 and a t-statistic of 
—5.2 after that date. 


PROPOSITION 6: Propositions 1 through 5 
fail to hold for the monetary base. Announced 
innovations in the base have no significant 
impact on any of the asset prices either before 
or after October 6, 1979. 


Results for the monetary base are reported 
in Table 4. Since survey data are not avail- 
able for the base, residuals from an ARIMA 
model are used instead? As noted earlier, 
this substitution cannot explain the dif- 


3A separate ARIMA model is estimated for each 
period. The data are weekly observations on the per- 
centage change in the base, DMB. The entire sample is 
used in the estimation, so the models incorporate infor- 
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: TABLE 4— MONETARY BASE ANNOUNCEMENTS AND CHANGES IN ASSET PRIces* 
DA, = ag + a,UB, + a; EB, +u, 
.DA  ,. dg a c ay R? 
.' Sample period: January 5, 1978-October 4, 1979 UE 
|. DTB: - 2.89 —-09l1- . UO 138 .067 
Q30) . (—0.25) (0.32) i: 
DLTB 044 . 1.63 1.84 :133 
: . (1.40) (1.79) (131). i 
DSP 0.002 —0.10 —044 ` 078 
(2.39) (—0.46) (—1.29) 
gie "DDM —0.001 0.14 * 0.16 ~ 025 
hi ate (— 1.39). (0.76) (0.55) : 
5^. Sample period: October 11, 1979-December 18, 1981 TEID: 
: DTB, 6.11 8.07 — 51.24 087 
a (1.50) (0.88) (—2.10) 
JDLTB - 2.64 865 > > — 20.23 ` 114 
pe (1.44) (2.10) . (— 1.84) 
DSP . — 0.002 0.15 2  —0.64 022 
: — 1.39) (000 | ' | (-094) : 
` DDM 0.000 ` —031 ` 0.34 `.024 
RE (0:20) (7-150 c^ (0.62) 
Notes: See Table 2; UB = the unexpected change in the monetary base in percent, from ^ 
1, +. an ARIMA model; EB = the expected change in the money supply in percent, from an. 
i ARIMA model. , 
*^Standard errors are in parentheses. , 
TABLE 5— CROSS CORRELATIONS BETWEEN ANNOUNCED INNOVATIONS AND EXPECTED MONEY? ` 
(Correlation between UM(t) and EM(t + J for j j — —3to re [20 
cx 
P-3 08 P- CU aP Po > P1 E Pa 77 7 ps Da 
Sample, pus. January 5, 1978- October 4, 1979. ; PEU NS. 
—-0.4 | -0.04 | 0.04 ` _ 007 -053 . .—0.10 '—003 . , 003 
(1) > — (Q1) (0.10) " (0.10) (0.10) (1) + (91D ' (0.11) 
Sample periód: October H, 1979—December 18, 1981 pe UM ag e ' 
=0.20 v -014- -011 0.15 —0.52 —0.15 —0.11 0.09 
(0.09) (0.09). (0.09) ` ` On 


(0.09)  .« (0.09 .. | (009 -. © á 


Notes: DM(t)= = the percentage change i in M lin penod t= EM(t)+ UM(0. 


"Standard e errors are in parentheses. 


EUM 


frenos: VT T ables 3 and 4. When 
ARIMA models are used for M1, the results 
are almost identical to: noae S Iepoieda in Ta- 
ble 3... : 
B. Expected Money - 
Cross: correlations been announced’ in- 
novations and expected changes: in money 


mation unavailable to investors. The two "models are 
Before October 6, 1979: DMB,= 0.1614 u, +0. -37u, 
: |o-045u, 45 
After "October ‘6, 1979: DMB, = —034DMB,. , 
Pus dp $^ WS i 55 #01354 tp . 


are presented in Table 5. The: correlation 
between UM(t) and. EM(t+1) is —0.52 
which demonstrates that. following an inno- 
vation, agents expect an offsetting’ change 

- the next week. Though only eight cross corre- 
lations are reported, the function was com- 
puted out to at +36. Except for the spike.at 
t +1, the cross-correlation: function is essen- 
tially flat..The second largest correlation is 
0.23. at week t +15. In all only 4 of the 40 
estimated correlations:are significant at the 5 
percent level. . . > 

. Surprisingly, there is no evidence of a shift 
.on October:6; 1979. The cross-correlation 
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function is almost identical for the two peri- 
ods. Finally, the contemporaneous correla- 
tion between expected money and the survey 
forecast error is insignificantly different from 
zero in both periods, which supports the 
view that the survey data are rational fore- 
casts. 


Ill. Comparing the Theories 


Comparing the predictions in Table 1 with 
the empirical results reveals that none of the 
theories is completely satisfactory. The ex- 
pected inflation hypothesis fails to explain 
why the dollar appreciates after announce- 
ment of an unanticipated increase in M1, 
and does not adequately account for the 
simultaneous decline in stock prices. The 
Keynesian approach is inconsistent with the 
high positive correlation between changes in 
long-term bond yields (including distant for- 
ward rates) and announced innovations in 
the money supply. The real activity hypothe- 
sis cannot explain the decline in the stock 
market associated with an unexpected jump 
in the money supply. Finally, the risk pre- 
mium hypothesis does not account for the 
appreciation of the dollar. In addition, the 
significant positive correlation between 
changes in the Fed funds rate and an- 

.nounced innovations in money contradicts 
one interpretation of the risk premium hy- 
pothesis. 

The monetary base results indicate that 
the market is reacting to information about 
money demand, not supply. Because the 
monetary base and its components are re- 
vealed a week before the M1 figures are 
released, the M1 announcement provides no 
new data on Fed policy. Nonetheless, the 
market responds to announced innovations 
in M1, but not the base. This means that if 
the new information is related to the supply 
of money, it must be information about 
supply shocks originating within the banking 
system. 

The base results cast doubt on the ex- 
pected inflation hypothesis. According to the 
.hypothesis, money supply . announcements 
move interest rates because they affect both 
short- and long-run expectations about mon- 
ey growth. This implies that announced in- 
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novations in the base should be more highly 
correlated with asset prices than announced 
innovations in M1, because the base an- . 
nouncements provide new information about 
Fed policy. However, the empirical findings 
reveal that the reverse is true. 

The dramatic shift in the market response 
to money supply announcements after Oc- 
tober 6, is difficult to reconcile with the 
expected inflation hypothesis. If the money 
supply announcements are providing infor- 
mation about future money growth, there is 
no obvious reason why the Fed's stated 
intention to control monetary aggregates 
should induce a positive correlation between 
announced innovations in money and 
changes in interest rates. In fact, it is more 
reasonable to conclude that the correlation 
would decline because week-to-week varia- 
tion in the aggregates would no longer pro- 
vide information about long-run policy. 

If the money supply announcements are 
providing agents with information about fu- 
ture real activity, it is hard to see why a 
sudden shift should occur on October 6, 
1979. There is no reason to believe that the 
money demand function shifted, or that real 
shocks intensified, on that date. Thus it is 
unclear why the M1 announcement suddenly 
becomes a better signal of future real activ- 
ity. The hypothesis can be salvaged, however, 
by combining it with the Keynesian model. 
Since an expected increase in future activity 
leads to a rise in current money demand, the 
real rate must rise to clear money unless the 
Fed intervenes. Before October 6, the real 
rate does not rise because agents expect the 
Fed to accommodate demand shocks. After 
October 6, however, accommodation is no 
longer anticipated. It is important to note 
that this interpretation only works.if money . 
has an impact on the real rate as posited by 
the Keynesian model. 

The risk premium hypothesis has a similar 
problem. What happened on October 6 to 
make risk premiums more sensitive to money 
supply announcements? One explanation is 
that the dramatic change in policy on that 
date informed agents that the rules for con- 
ducting monetary policy are variable. As a 
result, investors begin studying weekly an- 
nouncements for signs of further changes in 
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the rules. This increases the sensitivity of the 
premium, particularly the premium on long- 
term fixed rate securities, to. money supply 
announcements. 

Finally, the shift on October 6 is predicted 
by the Keynesian model. According to the 
Keynesian theory, the policy anticipation ef- 
fect only operates when the Federal Reserve 
is attempting to control the growth rate of 
monetary aggregates. Prior to October 6 the 
announcement effect is weak because the 
Fed was focusing on the Fed funds rate, not 
the money stock. 

Similarly, the Keynesian model explains 
why the market reaction is larger when an 
announcement pushes money growth rates 
outside the limits set by the Fed. When the 
limits are breached, agents expect the Fed to 
respond more aggressively to offset money 
surprises. On the other hand, for the risk 
premium hypothesis to explain the “target 
effect,” it must be postulated that policy 
becomes less predictable when growth rates 
tise above the upper limit, but that policy 
becomes more predictable when growth rates 
fall below the lower limit. If the expected 
inflation hypothesis holds, it must be the 
case that when money growth rates rise above 
the upper limit, agents expect even faster 
growth in the future. Neither of these two 
explanations is very plausible. The real activ- 
ity hypothesis can be reconciled with the 
target effect by postulating that the Fed par- 
tially accommodates money demand shocks, 
but only when money growth rates are within 
the set limits. 

The behavior of expected money offers 
apparent support for the Keynesian hypothe- 
sis. The cross-correlation function shows that 
agents expect large innovations in money 
to be quickly offset. However, the only sig- 
nificant negative correlation is between an 
announced innovation in week /, and the 
expected change in money in week ¢+1. 
Beyond week ¢+1, the cross-correlation 
function is flat. This pattern of correlations 
is more easily explained by random weck- 
to-week fluctuations in variables like float 
and Treasury deposits, than by the Keynes- 
ian hypothesis. For instance, suppose trans- 
portation problems produce an unexpected 
increase in float in week ¢. Because such 
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difficulties are generally overcome in a week, 
rational agents forecast a drop in M1 in 
week ¢ +1. The fact that there is no shift in 
the cross-correlation function on October 6 
is consistent with this explanation. 

The tests thus far have been based on the 
assumption that only one of the competing 
hypotheses holds. Since the theories are not 
mutually exclusive, however, it is possible 
that some combination of them more accu- 
rately characterizes reality. For example, 
Hardouvelis argues that both the Keynesian 
hypothesis and the expected inflation hy- 
pothesis are true, but that the liquidity effect 
dominates the short-run market reaction and 
the inflation premium dominates the long-run 
market reaction. In addition to the fact that 
it is intuitively difficult to understand how 
the same announcement leads agents to ex- 
pect monetary restriction in the short run, 
but monetary ease in the long run, the 
Hardouvelis argument has two technical 
problems. First, the cross-correlation func- 
tion between announced innovations and ex- 
pected money is inconsistent with his inter- 
pretation. Second, the monetary base results 
do not support the view that announcement 
effect is based on new information about the 
Fed’s discretionary policy. 

Because it is quite possible that all four of 
the hypotheses are true to some degree, there 
is no reason to incorporate only two into an 
eclectic theory. There are a wide variety of 
combinations of the hypotheses that are con- 
sistent with the empirical results reported 
here. Without designing new tests, however, 
there is no way to distinguish between com- 
peting eclectic theories. 

Since the expected inflation hypothesis 
alone fails to explain the findings, it is 
tempting to assert that the results show that 
monetary shocks affect the ex ante real rate, 
but this conclusion does not follow. It is 
possible that the real rate moves solely be- 
cause the announcements convey informa- 
tion about real variables such as expected 
output and risk preferences. The situation is 
analagous to the dividend announcement 
problem in finance. It is well known that 
announced innovations in dividends are 
positively correlated with stock prices, but it 


_ is unclear whether changes in dividends move 
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stock prices, whether the dividend announce- 
ments convey information about other real 
variables like future earnings, or whether a 
combination of the two is true. 


IV. Summary and Conclusions 


Studying the reaction of asset prices to 
money supply announcements presents a 
unique opportunity for testing the hypothesis 
that monetary policy affects the ex ante real 
rate. First, using the announcements removes 
ambiguity about the. direction of causation, 
since the money supply announcements, as 
opposed to actual changes in the money 
stock, are exogenous with respect to prices 
and interest rates. Second, use of the an- 
nouncements makes it possible to reduce the 
observation interval to one trading day or 
less. This greatly increases the power of sta- 
tistical tests. 

There are at least four theories which ex- 
plain why money supply announcements 
move asset prices. First, the expected infla- 
tion hypothesis states that the announce- 
ments alter agents' inflation forecasts. Sec- 
ond, the Keynesian hypothesis predicts that 
in response to an announced innovation in 
the money stock, agents expect the Fed to 
take offsetting action. The anticipated policy 
response, in turn, causes the real rate to 
change in the direction predicted by the 
liquidity preference model. For example, an 
expected tightening of credit leads to an 
increase in the ex ante real rate. Third, the 
real activity hypothesis alleges that money 
supply announcements provide the market 
with information about future output, and 
thereby future money demand. An unex- 
. pected jump in the money stock, for in- 
stance, signals higher output and greater 
money demand. This information produces 
an increase in the ex ante real rate. Finally, 
the risk premium hypothesis states that 
money stock announcements alter the re- 
quired real return on financial assets by pro- 
viding the market with information about 
aggregate risk preferences and beliefs. 

Two different tests of the hypotheses are 
conducted. The first is based on the simulta- 
neous response of the prices of short-term 
bills, long-term bonds, common stock, and 
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foreign exchange to announcements of both 
M1 and the monetary base. None of the 
hypotheses explains. the reaction of all four 
assets. The second test, based on the relation 
between announced innovations in money 
and expected money, is consistent with the 
Keynesian hypothesis, but the results can be 
more readily explained by random variation 
in float and Treasury deposits. 

The tests show that money supply an- 
nouncements have an impact on the real 
rate, but they do not allow us to conclude 
that monetary shocks affect the real rate. 
This apparent paradox arises because the 
announcements also function as signals which 
reveal information about real variables such 
as expected future output and risk prefer- 
ences. Further tests, using data in addition to 
money supply announcements, are required 
to separate those hypotheses that rely on the 
signaling effect from those which assume 
that money affects the real rate. 
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Implicit Contracts in the Absence of Enforcement 
and Risk Aversion 


By Ciive BULL* 


Implicit contract theory (Martin Neil Baily, 
1974; Costas Azariadis, 1975) grew out of a 
belief that the traditional neoclassical view of 
the labor market as simply a spot auction 
market could not explain such observed 
market phenomena as sticky wages and wages 
in excess of marginal revenue product. The 
great insight of these authors was to see that 
the absence of a complete set of contingent 
claims markets, in particular, for labor 
services and human capital, presented firms 
and workers with a mutually profitable op- 
portunity to join in long-term, state-contin- 
gent, labor supply contracts which would 
replace spot auction markets for labor. Fur- 
ther analysis of these contracts has shown 
that, at least when information is asymmetric 
between the contracting parties, the optimal 
contracts struck may result in some of the 
labor market behavior that so puzzled 
economists who viewed it through spot auc- 
tion market glasses (Sanford Grossman and 
Oliver Hart, 1981; Bengt Holmstrom, 1983; 
Jerry Green and Charles Kahn, 1983). 

While the successes of this line of inquiry 
are hard to overstate, there are still some 
criticisms which can be leveled at it; the 
most serious of which will be dealt with here. 
As Hart has pointed out, only a limited 
proportion of all labor transactions are car- 

„Tied out under any type of formal, multi- 
period contract and, moreover, few of those 
reach the complexity of detail which the 
contract literature suggests is optimal. In- 
deed, the whole thrust of the term “implicit 
contract" is to suggest that although a formal 
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contract may not exist, or if it exists, it may 
be too simple, the two sides of the trade are 
nevertheless acting “as if" one existed, that 
is, we explain their otherwise puzzling behav- 
ior by the imposition of an extra, unobserv- 
able constraint subject to which they maxi- 
mize. However, explicit contracts constrain 
behavior only if they can be enforced, at 
least probabilistically. This immediately 
raises the major issue of whether implicit 
contracts, which are by definition un- 
enforceable, can affect economic behavior at 
all. So, to quote Hart “...if one appeals to 
the idea of an implicit contract, one has to 
say how it is enforced" (1983, p. 23). 

This question of the enforceability of im- 
plicit contracts has recently received consid- 
erable attention from Holmstrom (1981, 
1983). Prior to Holmstrom’s work, it had 
been assumed that breach of the implicit 
contract could be prevented only by assum- 
ing that transaction costs between each of 
the implicitly contracting parties and the 
labor market were so high as to prevent them 
trading with the market rather than between 
themselves, thereby removing any incentive 
to breach the contract.! Holmstrom has dem- 
onstrated very elegantly that this is true only 
if the contract extends for one period. In a 
multiperiod contract, one party can fully in- 
sure the other party against the possibility 
that the first party will breach the contract at 
a future date. This is achieved by front-end 
loading. As an example, labor can insure an 
employer against the possibility that it will 
quit in the second period rather than fulfill 
the implicit contract by accepting a wage in 
the first period below the market wage. 
Moreover, Holmstrom (1981) has shown that, 
even after payment of this insurance pre- 


'This was the approach used by Baily, though he 
imposed transactions costs only on the part of labor 
which leaves the firm's incentive to breach undi- 
minished. 
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mium, there are gains from trade for both 
parties to the implicit contract and so it will 
dominate spot market trades.” 

Although front-end loading is an elegant 
and practical way to attack the enforcement 
problem, it is, unfortunately, inherently one- 
sided. Through front-end loading, either the 
workers can indemnify the employer against 
future breach of the contract on their part, 
or the employer can indemnify the workers 
against future breach of the contract on his 
part, but both cannot do this simultaneously. 
Thus, by itself, recognizing the multiperiod 
nature of the contracts and appealing to 
front-end loading will not solve the enforce- 
ment problem. 

As a complement to the use of front-end 
loading to indemnify the employer, several 
authors have suggested that concern by the 
firm for its reputation or brand name in the 
labor market may lead the employer to fulfill 
his part of the contract (Hart; Holmstrom, 
1981, 1983; Azariadis and Joseph Stiglitz, 
1983). In other words, an appeal is made to a 
third party, here the market rather than the 
court, for enforcement of the implicit con- 
tract. Although, in principle, reputation could 
induce contract-consistent behavior, the con- 
ditions under which this will occur seem to 
be too stringent for this to be a significant 
means of enforcement, except in very special- 
ized labor markets.? 

If one cannot rely on brand name or other 
types of third party enforcement of implicit 
contracts, nor on front-end loading, it ap- 
pears that one must rely on transactions 
costs on both sides of the contract to prevent 
breaches and so allow implicit contracts to 
affect behavior, that is, for implicit contracts 
to be a viable alternative to spot market 
trade. As will be shown below, this conclu- 
sion is wrong, provided we realize that cer- 


?Use of front-end loading as a means of insuring 
against a breach of contract was first explored in the 
on-the-job training/human capital formation literature. 
See, for example, Gary Becker (1962). 

3For examples of the use of reputation to enforce 
contracts and the strength of the assumptions required 
see Benjamin Klein (1974), Klein and Keith Leffler 
(1981) and Lester Telser (1980). See Holmstrom (1981) 
for an example in the labor market. 
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tain relevant markets for current services are 
missing. 

One of the central ideas in the internal 
labor market literature in particular, and in 
the industrial relations literature in general, 
is that labor markets are incomplete (Peter 
Doeringer and Michael Piore, 1971; Oliver 
Williamson, Michael Wachter, and Jeffrey 
Harris, 1975). The firm purchases a bundle 
of labor services when it hires a worker and 


_ simultaneously offers the worker a bundle of 


goods and services as a compensation pack- 
age. Moreover, for technological reasons 
many of the components of these bundles 
cannot be split off and traded separately. 
For instance, labor services such as work 
effort, initiative, and honesty cannot be 
purchased separately from each other, but 
only tied in to the purchase of a certain 
person's labor time. Similarly, the worker 
cannot buy on separate markets working 
conditions and safety at work, but must 
purchase them together with a wage from a 
firm. In such a setting, neither the firm nor 
the worker will be indifferent to the com- 
position of the bundles traded, as neither has 
access to markets which would allow them to 
consume combinations of services different 
from those they exchanged on the labor 
market. Thus, both firms and workers have 
an incentive to negotiate a (possibly unique) 
efficient combination of, say, wages, working 
conditions, and work effort, whereas both 
parties would regard, for instance, any com- 
bination of five and ten dollar bills that 
added up to the same wage as an efficient 
combination. It is these missing markets that 
make implicit contracts viable in the absence 
of transactions costs and third party enforce- 
ment. Thus we concur with George Akerlof 
and Hajime Miyazaki “...the essential ra- 
tionale for the existence of ‘implicit’ con- 
tracts need not be...risk-shifting between 
firms and workers. The reason for contractu- 
al arrangements could be technological,... 
organizational (internal labor markets) or as 
a response to informational impactedness" 
(1980, p. 328). 

A second issue that has been raised with 
respect to implicit contract theory is the stress 
it places on differing degrees of risk aversion 
between the workers and the firm. The im- 
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portance of this for the existing theory is 
worrying for two reasons. First, it is not clear 
that firms are systematically less risk averse 
than workers. Certainly it is hard to see why 
this should be the case for unincorporated 
firms.^ The second problem is technical 
rather than economic. With missing markets 
for current goods, both the firms’ and 
workers' indirect utility functions will con- 
tain more arguments than just profits and 
wages, respectively. However, unambiguous 
comparisons of risk aversion between multi- 
dimensional utility functions can only be 
made in very special cases, for example, 
where both parties' utility functions rank 
commodities in the same way (see Richard 
Kihlstrom and Leonard Mirman, 1974). As 
these conditions are unlikely to be fulfilled in 
the labor market, it is not clear how to 
extend technically the risk-sharing logic of 
implicit contract theory in this direction. 

Fortunately, expanding the set of missing 
markets to include certain current services 
allows implicit contracts to remain valuable 
even if the two parties do not differ in their 
attitudes to risk, or, indeed, if they are both 
risk neutral. The reason is that an implicit 
contract is a type of option, one that can 
only be exercised by the mutual consent of 
both parties, to trade in the future at terms 
different from those on the spot market. 
Moreover, this option is costless to write and 
has positive value, irrespective of attitudes 
towards risk, because there is a positive 
probability that both parties may wish to 
exercise it simultaneously. Of course, the fact 
that the implicit contract is an option does 
not preclude it from also serving as a vehicle 
for the trade of risk, and one would expect, 
in general, to see such contracts fulfilling 
both roles. 

The paper proceeds as follows. In Section 
I, a simple two-period symmetric formation 
model is used to demonstrate an implicit 
contract and show that there are incentives 
for either the employer or the worker to 
breach the contract whenever the second- 


^In the case of corporations the risk they assume 
under the implicit contract is resold via the stock market. 
On this see Azariadis and Stiglitz (1983), and Baily. 
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period contract wage differs from the spot 
market wage. Thus in the absence of either 
transactions costs or third party enforce- 
ment, implicit contracts will not dominate 
the spot labor market (Proposition 1). In 
Section II, an example is given to show that 
extending the dimensions of the compensa- 
tion or service packages to include nontraded 
services implies that there are several realiza- 
tions of the spot market different from the 
contractual compensation package that will 
not provide either party with an incentive to 
breach the contract. Section III provides a 
general theorem relating to the incentives to 
breach implicit contracts, analyzes the eco- 
nomic logic behind the result, and discusses 
the role of risk aversion in such contracts. 


I. Standard Implicit Contracts Will Always 
Be Broken 


In order to fix notation and explain the 
power of the enforcement criticism of im- 
plicit contract theory, a simple conventional 
example of an implicit contract is given be- 
low. 

Consider a firm which is seeking to em- 
ploy one worker in each of two consecutive 
future periods. Let the wages it will pay in 
these periods be denoted by wy and w}, re- 
spectively. Its profit function is linear in 
wages and separable across periods, and is 
given by 


(1) t=a—wt+B(a-—w,), a> wy,w; 2 0, 


where 0 < £ <1 is the firm's discount factor 
and a is an arbitrary constant. Potential em- 
ployees all have identical, separable, strictly 
concave indirect von Neumann-Morgenstern 
utility functions over the wages in the two 
periods. They have the choice of either work- 
ing for the firm at wages (w, w;), or selling 
their labor on the spot market in the two 
periods. The wage in the spot market is 
stochastic; assume that it is independently 
and identically distributed across time peri- 
ods with a continuous probability density 
function, f(w),w €[0, oo). This function is 
known to both workers and the employer. 
The workers’ expected utility from employ- 
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ment through the sequence of spot markets is 


(2) EU=(1+ B) (^ Uo) fo) do, 


where f is, again, the subjective discount 
factor. 

Returning to the employer, we see that his 
problem is to choose the wages he will offer 
(wg,w,) to maximize expected profits (1), 
subject to the constraint that the worker he 
hires must receive the expected utility he can 
obtain via the sequence of spot markets (2). 
If we follow the literature and assume that 
both workers and the firm will abide by the 
implicit contract even in the absence of en- 
forcement, that is, they are not fully eco- 
nomically rational, and that they both know 
that the other party will honor the contract, 
then the firm's problem is 


MaxII = a — m  B(a — wi) 
Wo» Wi 


subject to U(w))+BU(»,) 
> (1+8) (^ Uo) f(o) do. 


The first-order conditions to this problem, 
which are sufficient conditions in this case, 
are simply 


JIL / wy = —1— AU'(ws) = 0, 
dll /dw, = — B — ABU'(w,) = 0, 


where A is the Lagrangian multiplier on the 
constraint. Solving these shows that at the 
optimum U’(w,) = U'(w,) and so the optimal 
wages in the two periods are the same. 
Denote this optimal choice by Y. To check 
that this choice of a wage contract makes the 
firm better off than simply buying from the 
sequence of spot markets, we replace wọ and 
w; in the constraint by Y? to get 


(1+ B)U(#) = (14 8) f Uo)f(o) do. 


5 This result hinges on the risk neutrality of the firm 
and the equality of the firm’s and the worker’s discount 
rates. 
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By strict concavity (ie. risk aversion) of 
U(-) this implies 


U($)«U(w), where W= [ oflo) do, 


and so * < w. Thus the wage that the em- 
ployer must pay in each period is less than 
what he could expect to pay on the spot 
market, and so his expected profits will be 
higher if he uses the contract. Clearly, if this 
is the case, then we would expect labor trans- 
actions to be carried out through the use of 
such labor contracts and hence cause the 
spot markets to thin or even close, provided 
there is at least one future period during 
which labor will be traded (Holmstrom, 
1983). Although the specific result in the 
example above, namely that workers will fully 
insure against fluctuations in wages, relies on 
the risk. neutrality of the firm, provided the 
degree of risk aversion on the part of labor is 
higher than that of the firm a similar result 
will hold. 

The smoothing out of the time path of 
contractual wages compared to spot market 
wages relies crucially on the assumption that 
both parties will fulfill the terms of the con- 
tract. Were the contract explicit and third- 
party enforcement certain, costless, and 
comprehensive, then this assumption would 
be of little concern. However, explicit labor 
contracts govern only a small proportion of 
labor market trades. In response to this ob- 
jection, one can appeal to the notion of an 
implicit contract and claim that, although 
few trades in the labor market use formal 
contracts, the bulk use informal or implicit 
contracts; that is, customary, unwritten un- 
derstandings as to the obligations of the two 
parties to the trade. 

While there seems to be little doubt about 
the extent to which implicit, customary con- 
tracts have developed to avoid the cost of 
explicit contracting, such an appeal im- 
mediately raises the question of enforcement 
of the agreement. In the case of an explicit 
contract, the possibility of an appeal to a 
third party, for example, the courts, the 
NLRB or an arbitrator, that may result in 
damages or compelled performance, ensures 
that in some cases where there is an incentive 
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to breach the contract, for instance, because 
the spot wage is below the contract wage, the 
firm will not do so. Similarly, workers will be 
discouraged from "cheating." Without such 
third-party enforcement, any incentive to 
cheat will in fact result in a breach of the 
contract. 

Let us turn to an exact description of 
when the implicit contract of this section will 
be breached. In the second period, should 
the spot market wage w be greater than the 
contractual wage V, the worker has an incen- 
tive to quit and enter the spot market. Thus 
in the absence of transactions costs, the em- 
ployee will breach the contract whenever w 
> w in the second period. Similarly, if w < ve, 
the employer, in the absence of transactions 
costs, will breach the contract by firing the 
worker and hiring through the spot market. 
In other words, only when the second-period 
spot wage happens to coincide with the con- 
tractual wage will the contract be carried 
out. As we have assumed that the probability 
distribution over the spot wage is continu- 
ous, this implies that, with probability one, 
the contract will be breached in the second 
period. Naturally the certainty of breach in 
the second period is reflected in first-period 
behavior. Now both parties know that they 
will be trading on the spot market in the last 
period, and consequently that their first- 
period behavior will have no impact on their 
second period utility or profits. Thus ónly 
when the spot wage in the first period equals 
the contract wage will neither party breach 
the implicit contract. If we adopt the conven- 
tion that a “contract” which requires the 
payment of the spot wage each period is not 
economically a contract at all, then this argu- 
ment shows that implicit contracts will be 
broken with probability one in all periods 
and so will not be observed. This result is 
stated more formally below. 


ASSUMPTION 1: There is no third-party 
enforcement of implicit contracts. 


At the general equilibrium level, this amounts to 
saying that Walrasian allocations involving implicit con- 
tracts are not in the sequential core. See Douglas Gale 
(1978) on this. 
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ASSUMPTION 2: Neither side incurs a cost 
of transacting via the spot market in any 
period. 


ASSUMPTION 3: The implicit contract 
specifies the payment of a wage for a quan- 
tity of labor time only.’ 


ASSUMPTION 4: The workers and the 
firm have identical information. 


ASSUMPTION 5: The probability density 
function of the spot wage in each period is 
continuous. 


PROPOSITION 1: Given Assumptions 1—5, 
implicit contracts will be broken in each of the 
contractual periods with probability one and so 
will not be observed. 


PROOF: (See the Appendix.) 


One response to the problems raised by 
the lack of enforcement of implicit contracts 
has been to appeal to the value of a reputa- 
tion for fulfilling implicit contracts. Pre- 
sumably a reputation for breaking contracts 
will adversely affect the terms on which that 
party can trade in the future, and so provide 
some incentive for honorable behavior. How- 
ever, the work done on this method of 
enforcement, both in the labor market 
(Holmstrom, 1981) and elsewhere (Klein; 
Klein and Leffler; Telser) suggests that very 
Stringent conditions are required for this to 
be effective. In this connection, I might note 
two significant problems. First, given that a 
breach has occurred, both sides have an in- 
centive to claim that the other side broke the 
contract, irrespective of whether they did or 
not. But as there is no observable contract, it 
is not clear how the market can evaluate 
these two claims. A second problem that 
arises in this connection is the ability to 
distinguish deliberate (marginal) breaches of 
the implicit contract from honest confusions 
and disputes as to the actual content of the 
implicit contract. All contracts are, of course, 
incomplete and so the interpretation of the 


7The relevance of this assumption will become clear 
in the next section. 
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terms and their extension to unusual events 
inevitably rests to some extent on unwritten 
understandings. In the case of an implicit 
contract, this goes even further with all of 
the terms left unwritten. In such a situation, 
the possibilities for honest misunderstand- 
ings seem to be very large, and such misun- 
derstandings may well be difficult to dis- 
tinguish from deliberate nonperformance of 
the implicit contract. However, to the extent 
that mistakes can be made in distinguishing 
misunderstandings from breach, and in the 
case of implicit contracts they will be easy to 
make, the probability that an honest firm's 
brand name will be incorrectly tarnished 
rises, and so the value of the brand name to 
the firm falls. Thus it seems unlikely that loss 
of reputation alone would act as a significant 
deterrent to breach of implicit contracts in 
the labor market.? 

Given the lack of enforcement and the 
weakness of reputation effects, it would ap- 
pear that, unless we assume that both sides 
of the labor contract face significant costs of 
trading on the spot market, we must give up 
the idea that implicit contracts affect individ- 
ual behavior. The example contained in the 
next section shows this conclusion to be pre- 
mature. 


H. Labor Time and Work Effort: 
An Example of a Viable Implicit Contract 


In the previous section, it was shown that 
implicit contracts would not be used in the 
labor market because both workers and firms 
realize that they will always be broken. Here 
I provide an example to show that a simple 
extension of this view of the labor market in 
the direction of realism will allow implicit 
contracts to be viable alternatives to spot 
market transactions. 

Typically the purchase of the time of a 
worker is regarded as the purchase of a single 
input. This is, of course, an abstraction. In 


8As the major result of this paper shows that the 
incentives to breach an implicit contract are lower than 
previously thought, it suggests that even a weak reputa- 
tion effect may be sufficient to enforce implicit con- 
tracts. 
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fact, the purchase of the worker's time in- 
volves the purchase of a multidimensional 
input. For instance, at the most basic level 
one is at least buying labor time plus a level 
of work effort. Moreover, these two inputs, 
time and work effort, can only be purchased 
jointly for obvious technological reasons. Let 
us assume for the sake of this example that 
the effort expended by labor is continuously 
observable without error by the employer, 
and that there exists one spot labor market 
in which trade is costless. In this situation, 
the spot market for labor will clear at a 
“price” (w,e), where e > 0 is a scalar mea- 
sure of work effort, at which labor time 
supplied equals labor time demanded. 

Given diversity among either the firms’ or 
the workers’ indirect utility functions and 
some degree of substitutability between wage 
and effort on the part of both, it is likely that 
the market-clearing price (w,e) will not lie 
on the contract curve between a firm and 
some potential employees. In this case, both 
sides could gain by negotiating a trade at 
terms different from those on the spot 
market. Indeed, the realization of this under- 
lies much of the internal labor market and 
labor relations literature. Consideration of 
such issues as the optimal level of working 
conditions or the optimal level of work ef- 
fort, and how to determine such levels, can 
arise only when such services as labor effort 
and working conditions are technologically 
tied in to sales of labor time, and when, the 
spot market prices of such bundles of services 
do not lie on the firm and its employees’ 
contract curve. 

A further observation from the internal 
labor market literature is that entry into the 
firm is restricted to a subset of jobs known 
as “ports of entry” (Doeringer and Piore, pp. 
43—49; Williamson et al., pp. 273-75). It is 
at these ports of entry that competitive labor 
market pressures are felt most intensely. Over 
time, workers gain seniority and move from 
these ports of entry to other positions in the 
firm where market pressures are less severe, 
and where privately agreed terms of trade 
govern the exchange of labor services for a 
compensation package. Clearly, a full model 
of the internal labor market would present a 
difficult task and one only tangentially rele- 
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vant to the question of the existence of a 
viable implicit contract? Instead, I will ap- 
proximate the operation of the internal labor 
market by assuming that workers new to the 
firm, that is, those in port of entry jobs, must 
be paid no less than the spot market price, 
while those in the second, and last, period of 
their career with the firm can trade with the 
firm at terms of trade other than those im- 
plied by the market. However, there is no 
explicit contract with the senior workers, and 
SO both sides of the trade could if they 
wished trade costlessly with the spot market 
instead. . 

Now consider the question of whether there 
exists an implicit contract which the firm 
could offer that would make both parties 
better off. Proposition 1 gives a negative 
answer to this question in the conventional 
case. However, in the case under considera- 
tion here Assumption 3 is broken, that is, 
labor time alone is not being traded for just 
a wage. As we shall see, the necessarily tied-in 
nature of the sale of labor time and effort 
together with the restricted set of labor 
markets available implies that, even in the 
absence of enforcement or costs of transact- 
ing on the spot market, such an implicit 
contract does exist. 

Let us assume that workers have identical 
twice differentiable von Neumann-Morgen- 
stern indirect utility functions which are sep- 
arable over time, strictly quasi concave and 
increasing in w and — e. They also have a 
subjective discount factor 0 < B <1. Finally, 
assume that the Inada conditions hold so 
that the worker's optimization will always 
yield an interior solution. Assume that the 
spot market price (w,e) is identically and 
independently distributed over time with a 
continuous joint probability density function 
f(w,e) over the nonnegative orthant, w € 
[0, oo), e € [0, oo). Workers have a two-period 
working life over which a worker's expected 


%Akerlof and Miyazaki (p. 334) emphasize the impor- 
tance of an internal labor market approach in environ- 
ments where the contracts, in their case explicit, are not 
enforceable against labor. 
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utility if he trades on the spot market is 


EU- 0+8) f" [^ Uto, — e) f( v, e) dw de 


Turning to the employer, assume that 
his twice-differentiable von Neumann-Mor- 
genstern, indirect utility function, V, is sep- 
arable over time, increasing, and strictly quasi 
concave in — w and e. For simplicity, it will 
be assumed that his rate of discount is the 
same as the workers'. Further, assume that 
V(— w, e) satisfies the Inada conditions. 

To demonstrate' that a viable implicit con- 
tract does exist requires two steps. First, we 
must confirm that if there is a positive prob- 
ability that the contract will not be broken in 
the last period, then there will be a contract 
that dominates trading through the spot 
market. Having shown this, it must then be 
demonstrated that the more realistic view of 
what is traded on the labor market proposed 
in this section guarantees that indeed the 
contract will be honored with positive prob- 
ability. Let us take the second result for 
granted for the moment, that is, for every 
possible contractual price (%4, é,), Y», > 0, ê; 
7 0, there exists a set S(W,,é,) of positive 
probability measure such that U(w,, — ej) « 
U(Y,, —éj) and V(—w,,e,)<V(— w, ê) 
for all w,, e, € S. Stated simply, assume that 
there is a positive probability that the con- 
tract will not be broken in the last period. 

Consider an implicit contract which re- 
quires payment of the spot wage in period 
zero, that is, at the port of entry, and (W, é,) 
in period one. For this to be acceptable to a 
worker who realizes that it cannot be en- 
forced it must be true that 


S [, Uo. - 9o, 9) dode 
+BU(%,,-28) ff f(w,2) dede 


w, EES 


T ff U(w, — £)f (w, €) de de 


w, EES . 
. [ fue, — &)f (e, e) de de 
+B ff Ulo,- )f(o, e) do ds. 
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This reduces to the difference in utilities 


(3) UG», - &) ff. Io dede 


> fff 
w, Es 


As for all realizations of (w,—e) in 
S, U(w, — e) < U(ŵ, — ê), and for some 
(w, — e), this inequality holds strictly; we.see 
that (3) will hold with strict inequality. Turn- 
ing to the firm, by a similar argument, for 
the implicit contract to be acceptable it must 
fulfill 


U(w, — £)f (c, €) do de. 


(4) VC.) ff. Cose) dede 


25. 


Again, by the definition of S, we see that (4) 
will hold with strict inequality and so there 
does indeed exist an implicit contract which 
will be preferred to a Sequence of spot market 
trades. 

I have shown that if there exist Menage 
(strictly, a set of positive probability mea- 
sure) realizations of (w, e) * (,,6,) such 
that neither party has an incentive to breach 
the contract, then there does exist an implicit 
contract which is strictly preferred to spot 
market trading. But does such a set of spot 
market realizations exist? Certainly in the 
example of the previous section it did not, as 
only the realization Y^, = w, a probability zero 
event, was consistent with no breach of the 
contract. Here, however, the situation is dif- 
ferent. To see precisely how, let us assume 
that an optimal implicit contract is in place, 
and that it specifies a second-period price of 
(93, 6), 9, > 0,6, > 0. As a condition for this 
contract to be optimal, the firm's and 
worker's indifference curves must be tangen- 
tial at (Y9,, é,). This may not seem surprising, 
as if they were not, the two parties could 
adjust (Y, 6) in a Pareto-improving way as 
far as their trades in that period were con- 
cerned. But such a change will also affect the 
set of spot market realizations which will not 


HU e, E)f( e, €) de de. 
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provide an incentive to breach the contract 
and hence the probability that such a breach 
will occur. This raises the possibility that 
such a Pareto-improving change in (¥, é,) 
from the point of view of trade in that last 
period might adversely affect the probability 
of breach and so the value of the sequence of 
trades via the implicit contract. Fortunately, 
as is shown below; this myopic Pareto-im- 
proving movement of. the contract price 
would in fact lower the probability of the 
contract being broken in the last period. 
This optimal contract price (Y9,, é,) is indi- 
cated in Figure 1, where at (Y^, é,), the firm's 
indifference curve V, and the worker's indif- 
ference curve U, are tangent. Notice that the 
assumptions made concerning the curvature 
of the two utility functions ensure that all 
such tangencies will occur in the interior of 
the positive orthant, and that the level sets 
will be strictly convex. If the spot market 
price realized in the last period happens to 
be (w,, e1) = (9, 6), then there is, of course, 
no incentive to breach the contract. But, in 
light of Figure 1, we see that this is not the 
only realization which will not lead to breach. 
Consider a realization such as (wi, ej). Here 
the corresponding utility levels that would be 
achieved by breach of the contract are Vj < f, 
and U’, « Ü,. Indeed, any realization of the 
spot market price lying on the “lens” be- 
tween the two indifference curves associated 
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with (Y^, é,) will not provide an incentive to 
breach. Notice also that if the contract had 
called for a last-period price, such as (wj, ej), 
the set of spot market realizations that would 
not provide an incentive to breach that con- 
tract would be a proper subset of the no- 
incentive-to-breach set corresponding to 
(Y,, à)). Thus moving the contractual price 
from (wy, ei) to (Y, ê) would not only be 
Pareto improving from the point of view of 
last-period trade, but would also raise the 
probability that the contract's terms would 
be honored by both parties, and so all opti- 
mal contracts will specify a last-period price 
which lies on the contract curve. 

This example shows that there will indeed 
be a positive probability that the implicit 
contract will be carried out even in the ab- 
sence of transactions costs, or any third-party 
enforcement. In turn, this positive probabil- 
ity implies that there exists an implicit con- 
tract that will be strictly preferred as a vehicle 
of trade to a sequence of spot market trades. 
Moreover, risk aversion as such, as opposed 
to strict quasi concavity of the indirect utility 
functions, was not required to demonstrate 
this result. The economic logic behind this 
example and a formal proposition concern- 
ing the general case are dealt with in the next 
section. 


III. Missing Markets and Viable 
Implicit Contracts 


At first sight it seems puzzling that without 
any barriers to arbitrage in the form of costs 
of trading with the spot market, and without 
third-party enforcement, it should neverthe- 
less be possible to create an implicit contract 
which will, with some positive probability, be 
fulfilled. In fact, the economic reason why it 
is possible to construct such a contract is 
that certain markets for current dated goods 
or services are, for technological reasons, 
missing. This is quite apposite, as the reason 
for the existence of implicit contracts in the 
first place is the absence of a set of contin- 
gent claims futures markets. Thus, simply 
extending the economic logic behind implicit 
contracts to current dated goods markets 
makes such contracts viable. 
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More specifically, the crux of the previous 
example was the fact that separate markets, 
at any date, for labor time and labor effort 
are not available. For obvious reasons disem- 
bodied work effort cannot be traded except 
when tied in to labor time. Of course, work 
effort is not the only characteristic that has 
this feature; for example, initiative and 
honesty have the same quality. As a result, 
although labor time and work effort are 
substitutable in both the firm's and the 
workers utility functions, they are not 
substitutable through the single spot market 
for labor time. From this arises the possibil- 
ity that both parties may prefer to trade 
effort for labor time at a rate different than 


^. that provided by the market and so will not 


breach the contract. In contrast, if there were 
separate labor time and work effort markets, 
there would be a stochastic dollar value to 
the labor time and effort specified in the 
contract. Any realization of the spot prices 
for labor time and effort such that the market 
value of the quantities in the contract differed 
from the value of the payments specified in 
the contract would give one party the incen- 
tive to breach the contract in a manner ex- 
actly analogous to the example in Section I. 

Although the argument above is couched 
in terms of the supply of tied-in services by 
labor, it applies in full to tied-in services 
provided in exchange by the firm. Certain 
consumption services such as job satisfaction 
and job safety can often be provided only by 
the firm. As a result of this, although the 
contract-specified compensation package 
may contain a wage/job safety pair different 
from that of the spot market, it may nev- 
ertheless be preferred by both the firm and 
the workers. Contrast this, for instance, with 
a wage plus refrigerator compensation pack- 
age. Here, as there is a separate market for 
refrigerators, any realization of the spot 
markets for labor and refrigerators that yields 
a dollar value of the compensation package 
different to that specified in the contract will 
cause a breach of the contract by one party.!° 


V Notice that if, say, in the market for cars, because 
of tax or other reasons, the price at which the firm can 
buy cars differs from the price at which workers can buy 
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Thus, even if workers did provide just labor 
time, a tie in on the side of the compensation 
package could still result in a viable implicit 
. contract. 

Notice that the addition of these missing 
markets also removes the stress placed upon 
risk aversion and, in particular, differences 
in risk aversion between the parties. Here the 
contract provides an option to trade wages 
for work effort at a certain rate different 
from that provided by the spot market reali- 
zation. However, unlike a regular option here 
both parties must jointly agree to exercise it. 
Nevertheless, as there is a positive probabil- 
ity that both will agree to exercise it, the 
option will be valuable to both parties and so 
even in the absence of risk aversion, both 
parties will prefer to receive costlessly the 
option, that is, agree on a contract, rather 
than not receive it and simply trade on the 
sequence of spot markets. However, this does 
not imply that the contract cannot be used to 
trade risk should the parties to it differ in 
their attitudes towards risk. For instance, in 
the example of the last section the degree to 
which the inequality (3) held measured the 
value of the contract to the workers. While a 
positive value is ensured by the convexity of 
their indifference curves, increasing the con- 
cavity of their utility function, loosely, rais- 
ing their risk aversion, will raise the degree 
to.which the strict inequality holds. Thus, 
risk can be traded through these contracts 
and the “degree of risk aversion” on the part 
of the workers will affect the value of the 
option and so the nature of the optimal 
contract. 

Although the results in this paper do not 
rely on there being costs of transacting on 
the available spot markets, they do rely on 
the transaction cost structure specified. As in 
the existing literature, I have assumed that 
transactions costs are sufficiently high to 
prevent the use of contingent claims markets 
and have then gone further and assumed that 
transactions costs make trade of certain 
services, for example, labor effort and work 
safety, independent of labor time impossible. 


them, then there is still an incentive for intracontract 
trade despite the lack of a missing market. 
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I also assumed in the example of the previ- 
ous section that there was only one spot 
labor market. In fact, this assumption is much 
stronger than is required. Indeed, all that is 
required is that there not be a continuum of 
such markets. Consider the example of the 
previous section. If a continuum of labor 
markets indexed by labor effort existed, then 
the workers and firms would face a continu- 
ous (nonlinear) wage function increasing in 
work effort, and the labor market would be 
exactly analogous to the product market dealt 
with by Sherwin Rosen (1974) in his analysis 
of hedonic pricing. In this situation, the im- 
plicit contract will be breached in the second 
period unless the realization of the market 
wage function both ran through the point in 
(e, w) space represented by the contract and 
was tangent to both parties’ indifference 
curves at that point. Thus the existence of a 
continuum of markets, as Rosen's work sug- 
gests, allows labor time and effort to be 
implicitly traded separately and so results in 
the implicit contract being breached with 
probability one. Provided there is not a con- 
tinuum of markets because of, for example, 
fixed costs in setting up labor markets, or 
nonconvexities in the firms’ profit functions, 
then the results of Section II will continue 
to hold as will be shown in the proof of 
Proposition 2. 

The final assumption made concerning 
transactions costs was that trades at non- 
market prices could only be carried out after 
the worker had been with the firm for one 
period. As explained previously, this assump- 
tion is made to mimic some of the findings 
of the internal labor market literature and, in 
particular, the fact that only certain jobs 
within firms, the so-called ports of entry, are 
open to outside workers, and that the labor 
market constrains the firm's compensation 
package setting behavior most severely at 
these ports of entry. Of course, it would be 
better to derive such internal labor market 
behavior from a rigorous maximizing 
model. However, such a task is both non- 


I! Several complementary rationales can be given for 
this. See Williamson et al. Perhaps the rationale most in 
keeping with the spirit of this paper is that new workers 
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trivial and tangential to the purposes of this 
paper, and so I have assumed that the result 
of such a seniority analysis can be approxi- 
mated by the time path of trading specified 
above. 

The results of the previous section and this 
one are summarized in Proposition 2 below, 
the proof of which is contained in the Ap- 
pendix and is a straightforward generaliza- 
tion, using somewhat weaker assumptions, of 
the argument used in Section II. 


ASSUMPTION 1: The payments by the firm 
to the worker are made up of two types of 
goods and services, those that are freely 
traded on competitive markets and those that 
are not. The former are reduced to their 
dollar value, summed and called the wage. 
The wage together with the payments of 
nontraded goods or services form a com- 
pensation package vector w € R3 where n > 2 
and w > 0. 


ASSUMPTION 2: The services provided by 
the worker are made up of two types, those 
traded on competitive markets and those that 
are nontraded. For simplicity and with no 
loss of generality, it will be assumed that 
only one service is tradable. The services 
provided by the worker are denoted by the 
vector e € A7 where.m >1 and e > 0. 


ASSUMPTION 3: Assume both the worker 
and the firm have separable (over time) indi- 
rect von Neumann-Morgenstern utility func- 
tions which are strictly quasi concave, fulfill 
the Inada conditions, and have identical sub- 
jective time discount factors 0 « B « oo. Their 
utility functions are labor: U(w, —e) 
Ritm) +h: firm: V(—w,ey FEM > 
91, . Note: The signs on w and e are reversed 
for the two parties to rule out freely available 
productive services or payments. 


have only an incomplete knowledge of the attributes of 
the job and so are likely to quit after the first period 
(Boyan Jovanovic, 1979; Louis Wilde, 1979). Neither 
the new workers nor the firm will wish to invest in 
costly bargaining during the first period but will trade at 
market prices. See Armen Alchian (1969). 
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ASSUMPTION 4: Let there be a finite 
number, s >1, of spot markets indexed by i. 
Denote the realizations of (w,e) on each 
market by $, and the vector of market reali- 
zatons in each period by ®. Assume that (i) 
® is identically and independently distrib- 
uted over time. (ij) The probability that the 
minimum wage realized in the vector of 
markets is less than or equal to any pre- 
specified positive number is positive. (iii) 
The elements of ® are jointly and continu- 
ously distributed according to f(®) such that 
Pr(w, < wile; > e;) — 0 for all i and j. 


ASSUMPTION 5: Let m,n or both be 
greater than one. 


PROPOSITION 2: Given Assumptions 1-5, 
there exists a contract which is strictly pre- 
ferred by both parties to a sequence of. spot 
market trades. 


PROOF: (See the Appendix.) 
IV. Conclusion 


I have shown in this paper that a modest 
extension of the set of missing markets to 
include some characteristics of labor services 
or the compensation package will enable im- 
plicit contracts to remain viable even in the 
absence of costs. of trading in the labor 
market or third-party enforcement. Thus, the 
very aspect of the economy that gives rise to 
implicit contracts, namely the absence of a 
complete set of markets, if extended a little, 
helps such contracts overcome the hurdle of 
enforcement. Moreover, this extension also 
enables us to do away with risk aversion as 
the sole explanation of implicit contracts. In 
view of this, this paper can be interpreted as 
a response to Akerlof and Miyazaki’s call for 
further research: 


In some fundamental way, the weak- 
ness of implicit labour contract theory 
in explaining layoff unemployment 
seems to lie in its reliance on risk aver- 
sion as sole explanans for the existence 
of labour contracts. Risk aversion is 
obviously one theoretical reason for the 
use of contracts. However, if the im- 
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plicit labour contract theory is to ex- 
plain non-neoclassical aspects of labour 
transactions, then perhaps we should 
also search for a rationale for labour 
contracts that incorporates the (im- 
plicit!) institutional content of labour 
markets. [p. 335] 


The major difference between this program 
for research and this paper is that I deal with 
implicit contracts; which are unenforceable, 
whereas Akerlof and Miyazaki, terminology 
notwithstanding, dealt with explicit, that is, 
enforceable by at least one party, contracts. 

While this analysis helps resolve enforce- 
ment issues in the sense of showing that the 
parties will often strictly prefer to trade with 
each other rather than the market, it does 
raise siniultaneously a very different type of 
enforcement issue. While they may well prefer 
to trade with each other, are there any forces 
at work to ensure that the contracting parties 
will trade at the terms specified in the con- 
tract? The two parties now face each other in 
a bilateral monopoly situation whenever the 
realization of the spot market is such that 
they would both prefer not to trade with the 
market. What is to stop the firm, in the 
context of the example in Section II, from 
unilaterally altering the wage it will pay in 
order to appropriate more of the gains from 
trade? Similarly, the workers are free to set 
unilaterally their level of effort for the same 
purpose. These bilateral monopoly questions 
are both well known and difficult. While 
optimal contracts of the kind described in 


this paper are strong bargaining equilibria, - 


they are not perfect equilibrium points to the 
bargaining game where the strategy sets are 
taken as the levels of the elements of the 
compensation package and the levels of the 
labor services provided (see William Vickrey, 
1959, and Reinhard Selten, 1975). However, 
an analysis of these issues is beyond the 
scope of this paper. See David Kreps and 
Robert Wilson (1982) for an important dis- 
cussion of these issues from a game theoreti- 
cal viewpoint. It seems to be inevitable, 
though, that if the enforcement problem, in 
the sense of ensuring that there is a strict 
preference for bilateral trade between the 
parties, is to be confronted, one must em- 
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bark on a detailed analysis not only of the 
resulting bargaining issues but also the effect 
of the prospect of future bargaining, and the 
uncertainty that involves on the implicit con- 
tracts struck. !2 


APPENDIX 
Proof of Proposition 1 


Consider a contract of arbitrary positive 
length 7 and number the periods of the 
contract from the last period, for example, 
period 1 is the last period. Let the implicit 
contract specify the payment of a sequence 
of nonnegative wages (ws,...,wp). Let the 
spot market wage in each period, w!, be 
stochastic and independently and identically 
distributed. Let the common continuous 
probability density function with support 
[0, 00) be denoted by f(w'). The firm's indi- 
rect utility function, V(-), is separable over 
time and monotonically decreasing in each 
period's wage. The worker's indirect utility 
function is also separable over time but is 
monotonically increasing in each period's 
wage. The firm has a discount factor 8,0 < 
B1. 

I proceed by induction. It was shown in 
Section II that the contract would be broken 
with probability one in the last period. As- 
sume that it is broken with probability one 
in all periods 1 through n, 1xn«T-— 1, 
then the firm's expected utility at n +1 is 


Von.) X BIH wife!) du, 


which is monotonically decreasing in w, , ,. 
Thus the firm will break the contract in 
period n +1 if w"*! < w,,,. By an identical 
argument the worker will break the contract 
in period n+1 if w"*! w,,, and so, as 
f(w^*!) is continuous, the contract will be 
broken in period » +1 with probability one. 


7 On the impact of risk and risk aversion on Nash 
bargaining models, see Alvin Roth and Uriel Rothblum 
(1982). 
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Proof of Proposition 2 


Without loss of generality, I consider the 
two-period case. The extension to more, but 
finite, periods is trivial. Note that the use of 
an implicit contract does not constrain either 
party's actions and so cannot lead to a re- 
duction in utility either ex ante or ex post 
relative to a sequence of spot market trades. 
For a utility improving contract to exist, it is 
sufficient that a contract vector (w,, ei) can 
be chosen such that the following set S is 
nonnull and has positive probability mea- 
sure: 


S(wi, ei) = {(w, e))UCw, J e) 
>U(w,—e,), V(—w,e) 
»V(-w,e)). 


Choose (w,, ei) on the contract curve be- 
tween the workers and.the firm. Consider the 
following two level sets: 


U- ((w, e)|U(», E e) > U(w,, 2 e) 
V — ((w,e)V(—w,e) > V(—w,e)). 


By the strict concavity of the utility func- 
tions, these sets are strictly convex on the 
interior of Ri"*™, and there exists a tan- 
gent hyperplane to each set at (w;, e). Pick 
one such tangent hyperplane. All points on 
the tangent hyperplane are in the com- 
plements of U and V. But the intersection 
of these complements is simply S. Thus S is 
not empty. 

The following argument proves that S has 
positive probability measure. Consider a tan- 
gent hyperplane through (w,,e,) and some 
point (ws, e9) = (w,, ej) on that hyperplane. 
By the definition of a tangent hyperplane, at 
such point (w), eg) there must exist an open 
(n+m) dimensional ball which does not 
contain any points in U or V, i.e., lies within 
S. By Assumption 4, this ball, and so S, has 
positive probability measure. 
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Income Distribution, Lifetime Savings, and Bequests 


By PAUL L. MENCHIK AND MARTIN Davip* 


The major purpose of this paper is to 
answer two questions: does aggregate con- 
sumption vary with the degree of income 
inequality in an economy? Does the marginal 
propensity to consume out of /ifetime re- 
sources vary with one's resources? We argue 


that a microeconomic factor, the technology , 


of the production of human wealth, lifetime 
labor earnings, provides the key in answering 
these questions that have occupied the atten- 
tion of macroeconomists for so long. In addi- 
tion we also examine how terminal wealth 
(wealth held at death) varies by age at death, 
conditional upon one's lifetime earnings. This 
issue is relevant in testing the prediction of a 
variant of the life cycle model of saving, a 
model having enormous academic support. 

While at one time it was thought that 
equalizing the income distribution would in- 
crease consumption, the models of Milton 
Friedman (1957) and Franco Modigliani and 
Richard Brumberg (1954) imply no such dis- 
tributional effect. An important paper by 
Alan Blinder (1975) reconsiders the effect of 
resource inequality on consumption in a life 
cycle framework. 

In Blinder's model, the consumer chooses 
his time path of consumption c(t) in order to 
maximize lifetime utility and is subject to the 
constraint that the present discounted value 
of both consumption and terminal wealth or 


*Department of Economics, Michigan State Univer- 
sity, East Lansing, MI 48824, and Department of Eco- 
nomics, University of Wisconsin-Madison, Madison, WI 
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bequests (if any) equals lifetime resources, 
W. Formally, the budget constraint is 


(1) [eedt Ke" = W, 


with r the rate of interest, ¢ the consumer's 
age, K7 the bequest, W the sum of the pres- 
ent value of earnings and bequests received 
(inter vivos gifts are treated as discounted 
bequests in the model), and T the certain 
length of life. Blinder has shown that the 
relationship between lifetime resources and 
bequests is the key to our questions. If the 
elasticity of bequests with respect to W is 
constant, an elasticity greater (less) than unity 
implies that a reduction in inequality will, 
other things constant, decrease (increase) ag- 
gregate private saving.! The characteristics of 
the bequest function have recently been the 
subject of empirical investigation. However, 
the few studies that do exist have relied upon 
proxies for bequests, or proxies for lifetime 
earnings, or both. We have assembled a data 
base that provides actual bequests and actual 
income and earnings. Our data do not rely 
on prospective or retrospective questions 
about income or questions about the respon- 
dent's net worth at a point in time. Instead, 
we use income tax and probate record data. 
Although tax evasion may bias these sources, 
the errors are small compared with known 
biases, due to response and nonresponse er- 
ror, in the reporting of assets in conventional 
surveys. 

Understanding the characteristics of the 
bequest function has importance to a plethora 
of issues not discussed here. Some of these 
aré the long-term source of inequality in 
income and wealth (Frederick Pryor, 1973; 


Mf savings that were eventually bequeathed con- 
stituted a trivial share of total saving this approach 
would have limited importance. However, recent work 
by Michael Darby (1979) and by Laurence Kotlikoff 
and Lawrence Summers (1981) find that saving for 
bequest constitutes an important share of private saving. 
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Gary Becker and Nigel Tomes, 1979; A. B. 
Atkinson and A. J. Harrison, 1978; Blinder, 
19762), intergenerational economic mobility 
(Blinder, 1976a; Menchik, 1979; A. Shor- 
rocks, 1979), the efficiency and incidence of 
a lifetime consumption tax (ourselves, 1982), 
whether or not government bonds are net 
wealth (Robert Barro, 1974), and the interre- 
lationship between public pensions and pri- 
vate saving (Barro, 1978; ourselves, 1981). 


I. Motivation for Bequests 


Alfred Marshall recognized a bequest mo- 
tive arguing that "family affection is the 
main motive for saving," and that a man is 
interested in “leaving his family to start from 
a higher round of the social ladder than on 
which he began" (1949, pp. 227-28). As 
evidence supporting this bequest motive, 
Marshall cites the "fact" that men fail to 
dissave during retirement? Until recently, 
however, the bequest motive for saving has 
been rather ignored. 


A. Certain Lifespan 


Suppose individuals reproduce themselves 
and derive utility both’ from their own con- 
sumption and, in the spirit of Marshall, the 
economic status—or income—of their chil- 


dren. In such a model, parents will bequeath: 


because they derive utility from augmenting 
the resources available to their children. The 
utility function can be written 


Q) U,=U(C,, W41), 


with C, the lifetime consumption of parents 
and W,,, the lifetime resources of their 
children? We define W,,, as the sum of 


2“That men labor and save chiefly for the sake of 
their families and not for themselves, is shown by the 
fact that they seldom spend, after they have retired from 
work, more than the income that comes in from their 
savings, preferring to leave their stored up wealth intact 
for their families" (Marshall, p. 228). 

3This type of utility function has been used most 
recently by Becker and Tomes (1976, 1979) to analyze 
several issues, one being the quantity-quality of children 
decisions. It is argued that parents expend resources to 
improve the quality (the lifetime income) of their children 
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three components: 


3) 


Wa, 7 E, UE 7(0)) A, (0 r*)E, 


where E,,, is the children's earnings capac- 
ity in the absence of any parental invest- 
ments, an exogenous component determined 
by luck and genetic endowment. The varia- 
ble H, is the amount expended by the parents 
in order to augment the earnings capacity of 
their children. This transfer has been re- 
ferred to as human bequests (Blinder, 1976b) 
and would include parental expenditures on 
food, clothing, medical care, education, etc. 
The average rate of return yielded from these 
investments is 7(H,), a decreasing function 
of H,; F, isthe financial transfer to children; 
and r* is the market rate of return on finan- 
cial capital. 

In this *Marshallian" model, parents de- 
rive utility from improving the “quality” of 
their children (borrowing the term from 
Becker and Tomes, 1976; 1979), interpreting 
quality to mean lifetime income. Further- 
more, it is assumed that child quality is a 
normal good, which in this context implies 
that total transfers to children are a mono- 
tonically increasing function of parental re- 
sources, 

(4) H+E=1(W,), — d(W,)/dW- 0. 

Parents will attempt to invest efficiently, 
choosing expenditures that yield the highest 
rates of return for their children. The divi- 
sion of parental investments into the human 
and financial categories, our assumption that 
parents are indifferent between a dollar of 
labor earnings or property income accruing 
to their children, and the monotonicity as- 
sumption, make it possible to predict the 
shape of the financial bequest function. Hu- 
man bequests (food, clothing, health care, 
schooling, etc.) initially yield a higher return 
than financial investments. However, as the 
amount expended on a child increases the 


and derive utility from doing so regardless of what the 
children decide to do with their enhanced income. 
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(A) 


(B) 


FIGURE 1 


marginal rate of return, 7’, falls. When the 
marginal rate of return on human bequests 
equals the market return on financial assets, 
all subsequent investments will be in the 
form of financial transfers. 

In Figure 1, H and F are human and 
financial transfers, 7' indicates the varying 
marginal rate of return on human bequests, 
and r* is the market return on financial 
capital. Panel (A) relates the marginal return 
on human bequests to the amount invested. 
Parents will invest up to but not greater than 
H* in human bequests, since additional in- 
vestments would yield less than r*, the re- 
turn yielded by financial transfers. All inter- 
generational transfers in excess of H* will be 
in the financial form. Consequently, the 
transfer function will appear as presented in 
panel (B). Human bequests will rise with 
parental resources, W, up to H* and will 
then become flat. Beyond W*, financial 
transfers become positive, giving us 


(5) F, 7? max[0, ((W;) — H*]. 
B. Uncertain Lifespan 


The most obvious defect of the model 
above is that in reality, one's length of life is 
a random variable. Individuals are uncertain 
about when they will die and how much of 
their lifetime resources need to be allocated 
to consumption. For a death occurring at age 
5, we partition actual bequests A, into opti- 
mal bequests P,, plus accidental or un- 


planned bequests U,, 
(6) A,=P,+U,. 


There are several reasons to believe that the 
expected value of U, will be positive. If indi- 
viduals exhibit risk aversion toward deplet- 
ing their wealth at too early an age (James 
Davies, 1981) we would expect individuals 
whose optimal bequest is zero to leave an 
estate unless annuity markets are perfect. 
However, there is reason to believe, due to 
asymmetric information between buyer and 
seller and the ensuing adverse selection, an- 
nuity markets will be imperfect. In addition, 
consumer durables both yield consumption 
services and provide a store of wealth. If the 
rental market for durables is imperfect, peo- 
ple will die holding some. Finally, borrowing 
constraints may truncate negative values of 
U,, leading to a positive expected value. 

In any case, whether or not the distinction 
between optimal and accidental bequests is 
important depends upon the question that is 
being asked. For example, even if all be- 
quests were accidental, econometric esti- 
mates of a bequest-resources function would 
yield robust estimates of the bequest func- 
tion as long as the world did not change in 
either of the following ways. First, if mem- 
bers of future cohorts are better at predicting 
their longevity than past cohorts, they could 
economize on accidental bequests and con- 
sume more of their resources themselves. 
Second, if financial institutions become bet- 
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ter at predicting longevity as determined by 
personal characteristics, market failure due 
to adverse selection will be attenuated and 
accidental bequests will be reduced as people 
increase their purchase of annuities. 


II. Previous Empirical Studies 


The bequest-resources relationship has 
been difficult to estimate because of serious 
data limitations. Attempts have been made 
by a number of economists (James Adams, 
1980; Tomes; 1981, 1982; Kotlikoff, 1979; 
and Menchik 1980), using proxies in place of 

.the independent or dependent variables. 
Kotlikoff uses the Retirement History Survey 
of the Social Security Administration which 
includes both self-reported labor earnings 
and net worth. Though his study uses the 
wealth of the living, not bequests, he shows 
how his wealth-earnings relationship might 
be the same as a bequest-earnings function 
estimated directly from bequest data. He 
finds that bequests are not elastic, but rather 
inelastic with respect to earnings, implying 
that the ratio of bequests to earnings fall as 
income rises. Several empirical problems raise 
questions about the study. Although lifetime 
earnings is the desired independent variable, 
Kotlikoff makes do with several years of 
Observations. Wealth is not reduced by the 
costs associated with death. Another more 
serious problem results from errors in re- 
sponse to questions concerning net worth. If 
itis true (as seems to be the case, see Dorothy 
Projector and Gertrude Weiss, 1966) that 
high asset holdings are understated, the 
estimated earnings elasticity of bequests 
would be biased toward zero if no correction 
was made for response error. Furthermore, if 
high income and high wealth people are less 
likely to respond to financial questions than 
others, or if the assets favored by these peo- 
ple are understated (see Davies, 1979) fur- 
ther downward bias is introduced. Hence, 
the findings of bequest elasticities less than 
one should be taken with a degree of cau- 
tion. 

Both Adams and Tomes use data gen- 
erated by Marvin Sussman, Judith Cates, 
and David Smith (1970). They both find that 
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bequests appear to be luxury goods. The 
basic problem with these studies is that they 
do not have a measure of lifetime or annual 
income, and rely upon rather crude proxies. 
Both Adams and Tomes use the reported 
monthly income of the heirs to approximate 
the lifetime income of the decedents. They 
both regress the income measure of the heirs 
on the heirs permanent characteristics, for 
example, education, religion. year of birth, 
etc. Then they use the fitted values to gener- 
ate “permanent incomes" for the decedents. 
In spite of the substantial measurement error 
embodied in the income variable, statistically 
significant coefficients are generally esti- 
mated and the income elasticity of bequests 
is found to exceed unity. We question 
whether the background: variables that ex- 
plain childrens’ income are optimal instru- 
ments in explaining the income of parents. A 
data set that contained income and char- 
acteristics.of people in the parents' genera- 
tion would yield a more precise measure of 
parental income. , 

Menchik (1980) finds that bequests are 
luxury goods in a sample of Connecticut 
residents—the children of wealthy parents, 
most of whom are themselves wealthy. The 
data base includes the net amount the parents 
bequeathed to-the children, and the estate of 
the children. Since the data do not include a 
measure of earnings, it was necessary to use 
information from another sample to estimate 
earnings. Using the sample generated by 
James Morgan et al. (1962) that included 
both. inheritance received, earnings of heirs, 
and other demographic -information, the 
elasticity of bequests with respect to lifetime 
income (including inheritance) is estimated 
to bé about 2.5, implying that bequests are 
luxuries. Although this elasticity is signifi- 
cantly greater than unity at conventional 
levels of statistical significance, the results 
should be viewed with caution for two rea- 


*Furthermore, a replication of the Sussman et al. 
sample (Menchik, 1982) suggests.that responses to ques- 
tions concerning the amount one has inherited depart 
substantially from the amount that administrative re- 
cords indicate one was bequeathed. Hence there may be 
a serious errors-in-variables problem associated with the 
inheritance variable in these studies. 
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sons. First, two different, though overlap- 
ping, data sets were used. Second, all the 
children had wealthy parents, and most of 
the children were wealthier than average. If 
the bequest function is not of the constant 
elasticity class, these results may not be rep- 
resentative of behavior at all levels of the 
income distribution. 

Since the previous empirical work is incon- 
clusive, we generated a data set with the 
expressed intent of estimating the earnings- 
bequest relationship. 


IIl. The Sample 
A. Technique 


Although the conception underlying our 
data base is simple, the execution is not. The 
income tax returns were sampled using an 
alphabetic surname cluster sample of the 
persons filing tax returns in Wisconsin be- 
tween 1946 and 1964 (David et al., 1974). In 
the years 1960—64, the list of taxpayer names 
was supplemented by spouses of taxpayers 
and beneficiaries (prior to 1964) of Social 
Security Accounts established for taxpayers. 
Studying estate wealth of these persons en- 
tailed 1) identifying the decedents, and then 
2) locating probate records containing mea- 
sures of the size of the estate. Step 1 was 
accomplished by searching records of the 
Social Security Administration for sample 
members who were marked deceased and 
then confirming the death through Vital Rec- 
ords kept in the state of death. Those 
taxpayers who do not have Social Security 
numbers were matched to the death certifi- 
cate index of the State of Wisconsin.’ Virtu- 
ally all of the persons searched through the 
death certificate index were successfully 
matched to the death index. 

Step 2 of the data collection entailed visits 
to county courthouses to locate probate re- 
cords and the associated inheritance tax re- 
ports. Records associated with the decedent's 
wealth were located in 60.9 percent of the 


5In fact, the interstate network for reporting deaths 
implies that Wisconsin is informed of out-of-state deaths 
of Wisconsin residents. Only nonresident decedents must 
be searched for in other states. 
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cases. (See Table 1.) Most of. the residual 
matched cases (31.5 percent) can be pre- 
sumed not to have a probate record, as they 
were not legally required to file.5 In Wiscon- 
sin, estates of such persons are likely to be 
small, as those with gross estates of over 
$2,999 ($9,999) were required to file prior to 
1973 (after May 1973). Search for probate 
data was limited to Wisconsin and neighbor- 
ing states, and counties in Florida, Cali- 
fornia, and Arizona. The Social Security Ad- 
ministration indicated deaths in some other 
states. We did not search for probate records 
in those cases. In addition, Social Security 
records on deaths are not always consistent 
with Wisconsin vital statistics. As a con- 
sequence, probate records could not be 
searched for in about 5 percent of the dece- 
dent cases. These problems are reported in 
item 4 of Table 1. . 

The population studied differs from the 
universe of decedents. First, persons died 
during the period of observation without en- 
tering our taxpayer sample; second, some 
decedents entering our sample were not 
linked to probate or wealth information. The 
first problem arises because some persons 
who died during the period 1947—78 did not 
file a tax return in Wisconsin from 1946 to 
1964. This group includes minors, retired 
and other persons whose income was primar- 
ily nontaxable transfers, and nontaxable 
spouses of taxpayers prior to 1960. The 
spouses may be gainfully employed as family 
workers in a farm or business, or they may 
have provided income-in-kind at home. One 
measure of the extent of this problem is that 
men constitute 64.4 percent of decedents 
matched to households with tax records. 

The second problem with the data arises 
because persons migrating out of state are 
systematically excluded from the analyses 
presented below. Hence, any differential pat- 
tern of wealth-holding associated with migra- 
tion cannot be detected. These decedents, 


It may be that some records were missing owing to 
discrepancies between the place of death and the county 
of résidence at the time of death. Great efforts were 
made to search all counties for probate information 
when the last known address disagreed with the infor- 
mation present on the death certificate. 
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TABLE 1— RECONCILIATION OF SAMPLE 


1. Decedents (of Wisconsin taxpayers or spouses) 


2. Identified Probated Estates 


1. Incomplete data 
2. No income tax records for household 
3. Matched complete probate records 


3. Death Verified in State Vital Records 
for Social Security Decedents 
1. County location confirmed 
2. County location not confirmed 
3. Not Social Security decedent 
4. Inconsistencies and Incomplete Search 


1, Social Security death not located in 
state vital records 


2. Tax sample data insufficient for search 
or decedent not located in Vital Records 


3. Social Security decedent located in a 
state not searched 
5. Out-of-State Decedents (included above) 
2.3 Matched complete probate records 
3.2 Death verified in other states 
4.3 Social Security decedent located 
in a state not searched 


Note: Percentages are shown in parentheses. 


Total 
4,814 
(100.0) 
2,932 
(60.9) 
64 
79 
2,789? 
(57.9) 
1,515 
(31.5) 
497 
890 
128 
367 
(7.6) 
262. 
26 
79 
264 
56 
129 
79 


*An additional 17 probate records could not be traced back to the original taxpayer 


households. 


however, constitute a small proportion (5.5 
percent) of the sample. 

The analysis proceeds on a sample of men 
who filed three or more tax returns in 
Wisconsin and died as residents. The search 
process was successful in identifying wealth 
transfers at death for most of these persons, 
and the analysis will incorporate corrections 
for the data missing for the remainder. 


IV. Definitions of Variables and Estimations 


Our dependent variable B* is the sum of 
three components: 1) net estate, B; 2) life 
insurance proceeds, J; and 3) inter vivos 
transfers (or gifts) G, that appeared in the 
probate records, discounted forward to the 
subject’s death at a real interest rate of 1 
percent. All values are stated in 1967 dollars. 

The critical independent variable is a mea- 
sure of lifetime earnings and inheritance re- 
ceived. Our income data are gleaned from 


Wisconsin income tax returns filed over the 
period 1946-64. At most, nineteen years of 
income occur, and an average of about thir- 
teen to fourteen years are sampled, depend- 
ing on the birth cohort (see Table 2). Two 
problems arise from the confounding of life 
cycle and cohort effects. First, since labor 
earnings follows a life cycle pattern, 30- and 
50-year old men who earn the same amount 
in a given year are likely to have different 
lifetime earnings. The 30-year old is likely to 
be richer over the course of his life, and will 
bequeath more if bequests are normal goods. 
Second, if relative consumption standards 
change across cohorts, two people who have 
the same lifetime earnings but are members 
of different birth cohorts may differ in their 
wilingness to supply bequests to their 
children." One possible solution to this prob- 


"Pryor hypothesizes that bequests will be a linear 
function of an individual's income in excess of some 
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TABLE 2— PERCENTILES AND OTHER STATISTICS FOR E; AND TOTAL INCOME? 


1910-24 
Wage, Salary, Self-Employment 
Income, E; (r =.01) 
Median 5,740 
Mean 5,705 
80th Percentile 7,520 
... 80th Percentile 
Ratio: Median 1.31 
Mean Number of Tax Returns 1946-64 13.6 
Total Income (r =.01) 
Median 5,875 
Mean 5,897 
80th Percentile 7,572 
... 80th Percentile f 
- Ratio: “Median 1.29 


Birth Year Cohort 
1900-09 1890-99 1880-89 
5,056 3,540 2,416 
5,311 - A 074 2,700 
7115 5,346 4013 
1.41 1.51 1.66 
14.6 13.9 1.1 
* 5,200 3,704 2,851. 
5.573 4,482 3,163 
7,356 5,723 4,259 
1.41 1.55 1.49 


@Wisconsin male decedents; amounts shown in 1967 dollars. 


lem would be to forecast (and backcast) the 
lifetime earnings of each of each man based 
upon his cohort and his earnings over the 
years of his life that we observe. We initially 
chose to break the sample into ten-year birth 
cohorts and used average annual discounted 
real earnings as our earnings measure. 

- Earnings must be discounted to some arbi- 
trary point in the life cycle; we chose age 65, 
and used a teal (after-tax) discount rate of 1 
percent. The earnings measure is net .of 
federal and state personal income taxes.? In 


socially determined "subsistence" income level This 
subsistence level of income is not a biological sub- 
sistence level, but rather a level below which people feel 
they must devote all their income to own consumption 
instead’ of: bequests. Modigliani (1975) allows for’ a 
bequest motive based upon one’s lifetime resources rela- 
tive to the cohort mean. . 

’The variable E, was adjusted to reflect disposable 
earned income. Actual taxes paid to the state of 
Wisconsin were reported on the return and subtracted 
from gross earned income; federal taxes were estimated 
as a ratio to the amount of Wisconsin taxes paid, and 
that estimate was also subtracted from earned income. 
As a result, earned income for persons living primarily 
on rentier incomes may be negative. The procedure used 
provides a lower-bound estimate for tax liability for. the 
individual: . 

: The ratio of mean U. S. tax liability to mean Wiscon- 
sin tax liability was computed on the 1974 sample of 
Wisconsin tax returns collected by the State of Wiscon- 
sin. Married couples in which the second earner 


addition, the detail of the Wisconsin tax 
réturn allowed us to divide income into labor 
earnings— the sum of wages, salary income, 
and self-employment earnings, and property 


: income—the sum of interest, dividends, rent, 


and capital gains. The earnings measure 





accounted for more than 5 percent of Wisconsin 
Adjusted Gross Income were excluded, so that the ratio 
reflects the multiplier for persons who are able, to take 
advantage of income splitting on the federal return to 
the maximum extent. The ratio was estimated for each 
of ten individual Wisconsin ‘Adjusted Gross Income 
ranges as follows: 


Individual WAGI Rate of WI to 


(1,000's) U.S. Tax Liability 
0-2, 295 
2-5 ~ .190 
5-10 240 
10-15 323 
15-20 .400 
20-30 432 
30-50 ..393 
50-100 320 
100-300 2n 


300+ e 290 


; ^ Clearly, the latter includes a joint return ón invested 
capital and labor. We; were unable to distinguish those 
elements. Measurements of self-employment i income is 
also obscured because of tax provisions for depreciation 
and amortization which have tended historically to pro- 
duce an underestimate of the return to enterprise. Exact 
derivations of both earned income and property income 
are given in Appendix E of David et al. (1974). 
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then, defined by the CPI (base 1967 — 100), 
is represented by 


[g (o) 4+ PE] 


L, 
1 3 

7) E => 
( ) i N L CPI(t) , 


1 


where F; is the first year in which tax returns 
were filed; L, is the last; N, is the total 
number of tax returns for the ith individual; 
E,(t) is the amount of earned income re- 
ported for the ith year; and BYR, is the birth 
year of the ith person. 

Table 2 displays information about the 
earned and total income measure for four of 
the six cohorts. Persons born before 1880 
and after 1924 were excluded since earnings 
in years at either extreme of the age distribu- 
tion would not be representative of lifetime 
earnings possibilities. Data on earnings of 
those born before 1880 are confounded by 
the retirement and endogenous saving deci- 
Sions while schooling decisions confound 
earnings data of those born since 1924. 

Unfortunately, inheritance received is not 
available in our data set. Although inheri- 
tance received constitutes a modest share of 
lifetime resources (Blinder, 1973), its likely 
positive correlation with lifetime earnings 
suggest the possibility of bias in our esti- 
mates.!° 

We include age at death, A*, as a condi- 
tioning variable in the bequest equation since 
the level of accidental bequests should be 
related to longevity. It also seems reasonable 
to test the level of bequest against variables 
that may indicate a taste for leaving wealth 
to others. The principal contenders are mea- 
sures of marital status and number of 
children. It may be hypothesized that there 
will be smaller levels of bequests for persons 
who never married; conversely, somewhat 
larger bequests may be left by men whose 


10The magnitude of this bias could in principle be 
estimated using a data set containing both lifetime earn- 
ings and inheritance received. There is no such data set 
available, although the U.S. Treasury has embarked on 
the creation of such data using linked multiyear income 
tax and estate tax information. When (and if) that study 
is completed, we may be able to assess the bias in our 
results. 
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wives are living at the time of their death, on 
grounds that interspousal bequest motives as 
well as intergenerational motives are opera- 
tive. To test for these demand factors, dummy 
variables were defined for persons who were 
never indicated as married on either tax re- 
turns or death certificates (Dy), and for 
persons whose spouses were living at the 
time of death (D,,). 

The Marshallian model in Section II indi- 
cates that response to higher levels of life- 
time resources will be nonlinear; optimal 
financial transfers increase with resources 
after some threshold value is exceeded. We 
implement a test for this type of response in 
the budget data by fitting a spline to the 
data, permitting the coefficient on earnings 
to change at the median level of earnings and 
at the 80th percentile. This specification im- 
plies that bequest-leaving behavior is a func- 
tion of the relative level of resources of per- 
sons in the same birth cohort, as the value of 
the median and 80th percentile are larger for 
persons born in more recent years (see Table 
2). Thus we define: 


(  E-E, if E, <Esy 
= Es E; > Es, 
E,-0 E, < Ey 
= E; — Es, Ey < E; < Ego 
= Ey — Eso E; > Eso 
E,=0 E, & Eg, 
= E, — Eg E; > Exo, 


where Esg is the median and Egg is the 80th 
percentile of earned income for the cohort. 
The remaining adjustment to the earnings 
measure permits differential bequeathing be- 
havior for the self-employed. Reports of in- 
come for tax purposes by the self-employed 
are likely to understate their true lifetime 
resources. So long as self-employment activ- 
ity is continued, assets used in the trade or 
business are not easily liquidated. Both rea- 
sons suggest that the level of bequests of 
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individuals in self-employment may be higher 
than for persons with no self-employment. A 
dummy variable is set equal to one, and zero 
otherwise, for any individual reporting some 
self-employment income (D,). The impor- 
tance of that income in the total of earned 
income is measured by 


9) z=s?/[(z-s)°+(s)']- 


This oblique variable was chosen since 5, was 
sometimes less than zero and the transforma- 
tion assures that Z lies in the unit interval. 

The discussion above implies the following 
specification: 


(10) Bt=a,+a,E,+a,£,+a,£, 
*ta,Dy t a5 D, + A;D; t a4Z 
+ ag A* - agÀ + &. 
(A and.e, will be explained below.) 
A. Sampling Censoring 


Table 1 indicates clearly that reports on 
probated wealth were not available for all 
the decedents identified. For such persons 
data on B* is missing. However, the indepen- 
dent variables are observed, and the statutes 
governing the probating of estates give us 
upper bounds to the level of the grass estate 
of the decedent: This implies that the method 
proposed by James Heckman (1976) can be 
used to estimate unbiased values for the 
coefficients. 

The procedure is as follows. Let H be 
gross estate. Therefore, 


(11) H=B+L, 


where L is the liabilities of the decedent. The 
Wisconsin statutes provide that estates must 
be probated if 


(12) H23000/CPI(7*) 
for persons dying before May 1973 


H>10,000/CPI(+*) 
for persons dying after April 1973, 
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where 7* is the date of death. Let g(CPI(7)) 
represent the right-hand side of (12). Then it 
is clear that 


(13) Pr( probate record ) 
= Pr(H — g(CPI(7*)) > 0), 


with Pr denoting probability. Assuming that 
the expression above can be modelled by a 
normal distribution, we can estimate a multi- 
ple variable probit equation using the ex- 
planatory variables to give values of the 
expected probability for filing a probate re- 
cord for every sample member. Heckman has 
shown that if the stochastic error term in the 
probit equation e, is bivariate normally dis- 
tributed with e,, then adding the Mills ratio 


(14) d= f(s)/[1- F(s)] 


to the. specification gives unbiased estimates 
of the parameters (aj) The standardized 
value of the product of the independent vari- 
ables is — s, and their coefficients are esti- 
mated for each observation from the probit; 
f(s) and F(s) are the standard normal den- 
sity and the cumulative normal distributions, 
respectively. 


V. Bequest Functions for Ten-Year Cohorts 


Table 3 shows the percentiles of the distri- 
bution of B*, the value of the estate includ- 
ing gifts and insurance.!! The percentiles are 
probably lower bounds since persons with no 
report are unlikely to have died with zero net 
assets. The comprehensive character of the 
data available is indicated by the fact that 
more than 70 percent of the population of 


!'The reporting of the latter two items is truncated as 
up to $10,000 of insurance may be excluded from the 
estate, and only gifts three years prior to death are 
required to be reported. However, persons who reported 
insurance were likely to report the gross amount on the 
probate form, and so the amounts reported are com- 
plete, although some are missing altogether. For gifts, 
both under- and overreporting relative to the require- 
ment occur. Some persons detail gifts for long periods 
(presumably to comply with federal estate and gift tax 
reporting requirements); others have undoubtedly made 
gifts that are completely unreported in order to evade 
transfer taxes. 
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Birth Year Cohort 
Decile 1924 or later 1910-24 1900-09 1890-99 1880-89 Prior to 1880 
l .0 0 0 0 0 0 
2 0 0 0 0 0 0 
3. 0 307 2,125 1,291 229 1,734 
4 3,605 3,949 6,535 5,452 3,792 5,999 
54 7,321 8,142 9,270 8,786 7,389 9,141 
6 11,820 12,570 14,620 12,380 10,520 12,960 
7 20,560 19,070 20,390 17,170 16,750 21,670 
8 32,210 27,740 28,430 24,970 23,490 31,570 
9 48,200 40,090 43,480 42,480 43,210 81,350 
Mean 16,904 17,057 20,651 19,324 . 18,913 30,845 
o 22,629 31,800 44,704 38,146 67,442 80,108 
N 96 238 464 699 528 153 


Note: See fn. a, Table 2. The sample is smaller than the number of decedents in Table 1 because females, persons 
dying out-of-state, and some deaths which were verified in later searches were excluded. The 2,178 cases tabulated 
compared to approximately 2,950 cases in the final sample. 


a Median. 


t 


decedents is covered by some report of their 
assets and liabilities at death.!? 


A. Estimates of the Bequest Equation 


Table 4 presents OLS estimates of the 
model presented in (10). The most robust 
finding is that marginal propensities to be- 
queath out of the top quintile in the earnings 
distribution are significantly positive, and the 
function in this range is elastic. The model 
provides a reasonable fit for all but the oldest 
cohort, for whom income earned reflects 
experiences after age 56 (the age of the 
youngest member of the cohort in 1945), and 
for whom the measure E; may be quite 
unrepresentative of earlier earnings. 

Demographic influences on bequests do 
not appear significant. Neither the report of 
a surviving spouse, nor the absence of indica- 
tions of marriage affect the level of bequest 
significantly. 

Bequests appear to increase with age at 
death. Similar findings have been reported 


"Tables 2-4 are based on a preliminary sample; 
regressions in Tables-5-8 are based on an updated 
sample including most of the cases for whom probate 
data were difficult to locate and verify. Table 1 reflects 
the final sample and is the most comprehensive. These 
sample differences account for the difference in cover- 
age rates between Table 1 and Table 3. 


by others (Darby; Thad Mirer, 1980; Shel- 
don Danziger et al., 1982) and are damaging 
to the “no bequest” variant of the life cycle 
model of saving. '? 

The variable À does not have a significant 
coefficient, suggesting that the availability of 
probate data either is not significantly corre- 
lated to the error term in the bequest model 
(the estimated probit equations are not pre- 
sented) or collinearity between A and the 
explanatory variables reduced its statistical 
significance. 

We now turn to a detailed discussion of 
the coefficients for earned income and self- 
employment. 


B. The Spline on Earned Income 


Inspection of the coefficients of E,, Ez, 
and E, indicates a monotone increase in the 
coefficients for the two oldest cohorts. The 
coefficient of E, is indistinguishable from 
zero, while the coefficient of E, is signifi- 
cantly positive. So it appears reasonable to 
ask whether persons with earnings in the 


13The wealth measure does not include annuities like 
Social Security benefits or private pension wealth. 
(Among members of the older cohorts private pension 
wealth was rare. See President's Commission on Pension 
Policy, 1980.) If nonannuity wealth grows with age, total 
wealth could never approach zero. 


682 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1983 
TABLE 4—REGRESSION MODEL OF THE LEVEL OF BEQUESTS? 
Birth Year Cohort 
Variable” 1910-24 1900-09 1890-99 1880-89 
E, 2.185 2.826 1.992 2.396 
(2.12) (1.22) (1.03) (-.37) 
E, — 5567 1.008 2.534 11.26 
(—.144) (28) (97) (1.34) 
E, 10.67 9.686 9.489 19.28 
(7.45) (8.40) (15.7) (4.86) 
Dy 6,012 —11,990 —21,510 — 18,830 
(25) (—.65) (—.61) (-.73) 
Du 6,052 —2,489 1,096 25,190 
(25) (.10) (11) (.88) 
Ds 7,329 5,902 — 1,499 7,859 
(1.28) (.89) (.37) (.58) 
Z 8,110 10,210 17,780 19,710 
(.96) (1.24) (3.57) (1.43) 
A* 545.9 7432 516.3 1,722* 
(1.74) (1.87) (2.40) (2.52) 
À 1,623 3,753 —733.9 34,500 
(.08) (.16) (.06) (.96) 
Constant — 30,750 — 39,640 30,030 — 152,100 
(1.08) (.97) (1.43) (2.10) 
R? 316 213 .408 .058 
6, 29,140 44,320 32,560 74,940 
Na 171 344 517 378 


Note: t-ratios are shown in parentheses. 
See fn. a, Table 2. 
>See text for definition of variables. 


*Seven persons whose date of birth was known to be prior to 1900 were included in this cohort. The value of 4* — 0 
for these persons and a dummy variable was set. The coefficient is 152,897 and t — 2.47. 
‘The N corresponds to the persons included in Table 3 for whom probate records were obtained. 


range median to 80th percentile behave in a 
fashion more like the top earnings quintile or 
more like those below the median. That is, 
can the spline be reduced to a single discon- 
tinuity in the slope? Yes—only the eldest 
cohort indicates behavior in which the pro- 
pensity to bequeath out of the earned income 
above the 80th percentile level is not signifi- 
cantly larger than the propensity to bequeath 
from the median to the 80th percentile level. 
Thus, it is fair to characterize the earnings- 
bequest relationship as a single kink occur- 
ring at the top quintile point, except for the 
eldest group where that point may occur 
somewhat lower in the earned income distri- 
bution. For earnings below the kink, a zero 


marginal propensity to bequeath can not be 
rejected, although the OLS coefficients are 
predominantly positive. '* 

An alternative interpretation of these re- 
sults would be to take the coefficient esti- 
mates at face value and compute the margin- 
al propensities to bequeath out of lifetime 
earnings. Assume workers had 40-year work- 
ing lives. Since the estimated coefficients (for 
the three youngest cohorts) of E, and E, are 


'4We reestimated the model applying a 3 percent real 
discounted rate. This involved redefining the nodes of 
the spline. We obtained virtually identical values for the 
regressors, which was not surprising since the correla- 
tions between the values E,, E,, and E; under the two 
rates of interest are .995, .955, and .929, respectively. 
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TABLE 5— EXPECTED BEQUEST, ALTERNATIVE ASSUMPTIONS 


Percentile Statistic 1910-24 
A. Standard Assumptions 
< 50 Eos 3,661 
B* 5,771 
B*/ Es 1.58 
51-79 E65 6,571 
B* 9,841 
B*/ Es 1.50 
804- Eso 8,992 
B* 24,270 
B*/Ess 2.72 
B. Death Assumed at Age 72 
80+ B* 35,300 
B*/ Egg 3.96 
C. Death at Age 72 and Self-Employment Assumed 
80+ B* 50,740 
B*/ Es; 5.69 


Birth Year Cohort 
1900—09 1890—99 1880-89 
3,338 2,340 1,451 
16,120 11,200 — 9,959 
4.83 4.78 — 6.86 
6,081 4,446 3,178 
22,010 15,880 — 3,689 
3.62 3.57 — ].16 
: 8,135 6,663 4,802 
32,930 30,660 28,290 
4.05 4.60 5.89 
39,430 31,110 19,480 
4.85 4.67 4.06 
55,550 47,390 47,050 
6.83 7.1 9.80 


Notes: A. Individual is assumed to report earnings at the indicated percentile; Dy = Dy = Ds = Z—0; A* =A"; 
À = À; B. Standard assumptions are modified so that A* = 72; C. Standard assumptions are modified so that A* = 72 


and D; = Z=1. 


around two, we can say that the marginal 
propensity to bequeath out of discounted 
lifetime earnings is .05, or 2/40, for those 
below the top quintile of earnings. The corre- 
sponding lifetime marginal propensity to 
consume would, of course, be .95. For those 
in the top quintile, the coefficient of earnings 
is around ten, hence, their lifetime marginal 
propensity to bequeath would be .25, or 
10/40. 

The model permits the bequest of self- 
employed persons to differ from the levels of 
non-self-employed by a constant, plus an 
amount that depends on the importance of 
self-employment income to the total of 
earned income. Thus, both the coefficients of 
D, and Z should be considered in assessing 
the difference between bequests of the self- 
employed and the non-self-employed. In each 
cohort, the sum of Z and D is statistically 
significant using a critical region of .05. This 
result is consistent with two interpretations: 
1) self-employed, report less income relative 
to what they earn and pay less taxes but 
bequeath in the same fashion as non-self- 
employed; 2) for a specific endowment of 


earnings, self-employed have a greater capital 
accumulation than the non-self-employed. 

Table 5 displays the implications of the 
regression model for the level of bequest of 
persons at the 25th, 65th, and 90th per- 
centiles of the distribution of earnings. The 
expected bequest has been evaluated for per- 
sons who survive their spouse, who report no 
self-employment income, and who died at 
the mean age of decedents in their cohort 
(standard case). 

For each of the cohorts, except the eldest, 
the expected bequest is positive for individu- 
als at the 25th percentile of the earnings 
distribution. These results imply that the 
average propensity to bequeath is U-shaped 
as earned income increases. The significance 
of the declining portion of that curve is 
unclear because of nonreported transfer in- 
come. The likelihood of public (and possibly 
private) transfers rises as earned resources 
decline substantially below the median level 
of earned resources. Thus, the average pro- 
pensity to bequeath out of lifetime resources 
is presumably overstated for the below- 
median group in Table 5. 
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TABLE 6— MARGINAL PROPENSITIES TO BEQUEATH, AVERAGE PROPENSITIES TO BEQUEATH, AND ELASTICITIES 


Percentile Statistic 1910-24 
A. Standard Assumptions 
< 50 OB*/dE 2.185 
B*/E 1.58 
7] 29 
50-79 9B*/9E —.55] 
B*/E 1.50 
T .37 
80+ 0B*/8E 10.668 
B*/E 2.72 
n 3.92 
B. Death Assumed at Age 72 
80+ " 2.70 
C. Death at Age 72 and Self-Employment Assumed 
80+ 7 1.88 


An alternative calculation of expected be- 
quest can be made by assuming a fixed life 
span for each birth cohort. This was done by 
calculating the expected bequests shown in 
the rows following the heading Age 72. The 
effect of the procedure is to extrapolate dif- 
ferences observed between persons dying 
earlier and later within each cohort to the 
year when the individual would reach age 72. 
The calculation does not also adjust the level 
of earned income by applying an expected 
life-time profile to the percentile position 
observed for the individual. 

The last set of calculations in Table 5 
shows expected bequest for persons whose 
sole source of income is self-employment, 
again adjusting the expectation to a uniform 
age at death of 72 years. 

Table 6 translates the results of the model 
into elasticities evaluated at the 25th, 65th, 
and 90th percentile. The elasticities for the 
top quintile are all substantially in excess of 
unity, while those for lower quintiles are not 
Significantly different from zero. The high 
values of the elasticities are somewhat at- 
tenuated under the uniform age at death 
assumption, and further reduced for the fully 
self-employed. However, even for the latter 
groups the elasticity exceeds unity. 


Birth Year Cohort 
1900-09 1890-99 1880-89 
2.826 1.992 —2.396 
4.83 4.78 — 6.86 
59 42 35 
1.008 2.534 11.256 
3.62 3.57 — 1.16 
28 71 —9.70 
9.686 9.489 19.275 
4.05 4.60 5.89 
2.39 2.06 327 
2.0 2.03 4.15 
1.42 1.33 . 1.97 


C. Cross-Cohort Comparison 


When individuals are classified into earn- 
ings groups based on their position in the 
earnings distribution of that cohort, we find 
similar coefficient estimates for all but the 
oldest cohort (see Table 4). With one ex- 
ception, the coefficients on the low- and 
medium-earnings levels are not significantly 
different from zero. At the same time, the 
coefficients of earnings in the top quntile are 
positive, highly significant, precisely esti- 
mated, and (with the exception of the oldest 
cohort) remarkably similar to each other. 

Real productivity growth implies that ab- 
solute earnings of many in the top quintile of 
the 1890—99 cohort would place them in the 
second quintile (60-80 percent) of the 
1910—24 cohort (see Table 2). If an absolute 
earnings hypothesis were appropriate, we 
would expect similar marginal propensities 
to bequeath for those two groups. The fact 
that this does not occur, and the similarity of 
coefficients found for the highest relative 
Broups, is evidence that a relative earnings 
hypothesis is appropriate for bequests (see, 
for example, Pryor and Modigliani) Note 
that a relative earnings hypothesis for be- 
quest saving enables us to understand why 


VOL:73 NO. 4 


aggregate saving rates do not increase over 
time even through cross-section studies indi- 
cate higher saving rates for the rich than the 
poor. 


VI. Bequest Functions Estimated Across 
Cohorts 


A. Departures from the Basic Model 


In Section V, we made the case that the 
problem of confusing earnings effects with 
intercohort and life cycle effects could be 
ameliorated by using four -broad cohort 
classes. Upon reflection we realized that 
cohorts including ten years may not ade- 
quately model cohort effects. There could be 
intercohort effects within the groups shown 
in Table 4. At the same time, the similarity 
of the results encouraged us to pool the 
observations. We proceeded in the following 
way: 
1) Pool the data for the 1890—1924 
cohorts. (Note that the earnings of members 
of the oldest cohorts are endogenous with 
the retirement process, so members of this 
group were not pooled with the others.) 

2) Add a continuous birth year cohort 
variable to our equation; BYR — year of 
birth — 1890. 

3) Employ a single node in the spline, 
setting it at the estimated 80th percentile of 
eárnings for those born in the same year. 

Step 3 preserves the relativity property of 
the function for one-year, (not ten- or four- 
teen-year) cohorts. Step 2 adjusts for the fact 
that people who have the same earnings over 
the measurement period, but different ife- 
time earnings due to their different ages dur- 
ing the sampling period, will leave different- 
sized bequests. 

Another modification was made to the 
dependent variable. Since people in the same 
cohort do not die at the same age, compari- 
sons between individuals entail discounting 
bequests to a common point in the life cycle. 
That is, among persons of the same age, only 
bequests of equal present value should be 
considered equal size. We choose to discount 
bequests (using a 1 percent real rate) to the 
person’s sixty-fifth birthday, whether he was 
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TABLE 7- REGRESSION MODEL OF DISCOUNTED BEQUESTS 
OF WISCONSIN MALE DECEDENTS Born 1890-1924 


Linear Logarithmic 
Variable (Model 1) (Model 2) 
Ey 2.241 - 
(3.568) 
E, 9,358 - 
(19287) . 
LE, = 0.224 
(3.551) 
LE, = 1.815 
. (8.111) 
DNEGE - 2.206 
(3.385) 
D; 2971 0.114 
(705) (0.977) 
Z 12,246 0.471 
(3.334) (3.251) 
A*LT65* 718 0.0390 
(2.834) (3.915) 
A*GE65^ 60.0 0.0258 
(0.222) (2.431) 
BYR‘ 558 0.0258 
.. (0.222) (2.431) 
A —2,164 —0.552 
(0.928) (4.996) 
Constant — 43,154 4.451 
(2.560) (5.473) 
R? 3212 .1424 
Ne 1,064 . 1,064 


Note: Amounts shown in 1967 dollars. 

*4* LT65 = A* if A* < 64; = 64 if A> 64 

PA*GE65 = 0 if A* < 64; = A*—64 if A* > 64 

°Year if birth less 1890. . ` 

4Retrieval of additional probate data increased the 
size of this sample from that used in Table 4; was 
recalculated to reflect the larger sample available. 


alive then or not. Hence the dependent vari- 
able becomes discounted real bequests. . 

The final modification to the model affects 
the age at death variable. We allow the coef- 
ficient of age to vary by using a linear spline 
with the node at age 65. The estimated broken 
line allows the data to validate the inverse 
V-shape so popular among the proponents of 
the-life cycle theory of saving. 

The regression results (with Dy and Dy 
dropped from the regression) are presented 
in Table 7. We continue to get a sharp 
difference between the marginal propensities 
to bequeath on either side of the 80th per- 
centile. It appears that on average, dis- 
counted bequeathable wealth increases with 
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age at death until 65 and then levels out. The 
birth year coefficient is positive as expected 
and statistically significant. This implies that 
younger people are richer, in a life cycle 
sense, than older people who have identical 
earnings in the same year. 

To assure that the pooled regression does 
not force coefficients to a common value 
across cohorts, a series of Chow tests were 
examined for the several variants of the 
model, none of which include the linear birth 
year term. In all cases, the coefficients of the 
other regressors are statistically identical 
across all three cohorts from 1890 to 1924.16 


Recall that the spline point is also conditioned on 
birth year (modification 3 in the text). This adjustment 
is estimated from a broken line regression of earnings on 
birth year, allowing for a change in slope at 1900. The 
logic is that all persons born before 1900 reached age 65 
during the sampled income years, 1947—64. Because 
some proportion of these early cohorts could be expected 
to retire in their mid-60's, their reported earnings for the 
sample period reflect retirements as well as earnings 
capacity; for those born after 1900, reported earnings 
seldom reflect retirement (or disabilities. Once the 
broken line has been estimated, the (80th) percentile for 
each birth year was established from the standard error 
of the regression and the expected earnings conditional 
on that birth year. While the small samples of persons 
born in any one year imply that we do not observe 
accurate percentiles for any birth year, the percentiles 
estimated from the broken line were calibrated to as- 
sume a division of the entire sample of birth years at the 
desired (80th) percentile. Abstracting from other vari- 
ables, we write the model as 


B* = ao + a,BYR + a5 E + aymax( E — 8(BYR),0) 


where 
5( BYR) = Cy + C BYR + C,min( BYR — 1900,0) + £; 


and Cy = —53,100, C, = 302, C; = —76.2, a, — 3,330. 
(-2.1) (2.2) (8.1) 


Birth year affects both the node in the earnings spline 
and the intercept. Testing the model in Table 4 for the 
1890-99 cohort against the model that included a vari- 
able birth-year node for the income spline, we found no 
discernable difference in coefficients estimated. This 
result gave us confidence that the birth-year effect shown 
is not some artifact of multicollinearity in the model. 
16A variant of the model in Table 7 was estimated to 
gain insight into the age-wealth relationship. The effects 
estimated were’ partitioned into age effects for those 
whose earnings exceed the 70th percentile and all others. 
This was done to test the hypothesis that one group 
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Since the implications of the location of 
the spline node are so important, we thought 
it worthwhile to statistically search for the 
optimal spline point. To do this, we itera- 
tively reran our model starting with the node 
at the 30th percentile and incrementing it by 
10 up to the 90th percentile. The sum of 
squared errors was lowest at the 80th per- 
centile and then rose sharply at the 90th 
percentile. We then refined the search, start- 
ing at the 70th percentile and incrementing 
the node by two points until the 90th. 
Serendipitously the trough occurred at the 
80th percentile! 


B. An Alternative Functional Form 


In order to demonstrate that we hold 
catholic views concerning the thorny ques- 
tion of functional form, we estimated a loga- 
rithmic form of the model. This form is not 
theoretically appropriate since people may 
make a zero bequest. Due to the nature of 
the data, there were no zero bequests to 
worry about. There were, however, twelve 
cases in which average earnings were nega- 
tive, so the dummy DNEG was added to the 
regression as a shift variable, and these peo- 
ple were assigned one dollar of earnings. The 





engages in life cycle dissaving after age 65 while the 
other does not. (Modigliani suggested that an interac- 
tion between age and lifetime earnings may be a signifi- 
cant factor in our estimated age-wealth relationship.) 
The estimated coefficients do not support the hypothesis 
of differential effects for rich persons: 


Rich Other 
(> 70th percentile) (< 70th percentile) 
A*LT65 $725 | $873 
(2.77) (2.85) 
A*GE65 — 368 211 
(0.80) (0.70) 


(Assuming independence for the estimated errors the 
t-ratio for the difference in savings of rich and others is 
1.62. Other coefficients in the estimated model are simi- 
lar to those in Table 7.) 

V'The change in R? associated with a shift in the 
node is small. The coefficients estimated for the models 
using the nodes from 70th to 90th percentiles are not 
significantly different from each other. The location of 
the node was the same in both linear and logarithmic 
versions. 
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coefficients of the age variables represent the 
rate of change per year of life in bequeath- 
able wealth. As the estimated model in Table 
7 reveals, bequests increase with age at death 
by about 4 percent per year up to age 65 and 
continue to rise, albeit at a reduced rate of 
about 24 percent per year after 65. These 
results imply that observed (or undiscount- 
ed) real bequests increase by.5 percent per 
year up to age 65 and by 34 percent per year 
after age 65. The elasticity of bequests with 
respect to earnings is not a constant. Be- 
quests are inelastically supplied below the 
80th percentile and elastically supplied above 
that point. 


C. Family Size Effects 


Since our Marshallian model is based on 
intergenerational bequests, we must include 
data on number of children. Ideally we would 
want the number of children alive at the 
death of the parent. These data are not avail- 
able. Instead we have obtained an impure 
measure of family size, the maximum num- 
ber of dependents (MAXDEP) claimed on 
the income tax returns that the parents filed 
during the sampling period. This is an im- 
pure measure of number of children for 
several reasons. First, children may have left 
home prior to the sampling period and are 
therefore not counted. Second, not every de- 
pendent is a child or a spouse. Third, children 
who were at one time dependents of their 
father may predecease them. Fourth, some 
tax units may not include two parents during 
the sampled income years. As a result the 
number of children beneficiaries may be 
larger or smaller than MAXDEP (less two). 
Impure as the variable is, we employ 
MAXDEP in the model presented in Table 8. 
We use the maximum, not the average or 
minimum, number of dependents during the 
income sampling period, because we think 
the first problem we mention is the most 
serious one. In eight cases there are missing 
data on dependents so the dummy DEP- 
MISS is employed to retain these cases, with 
MAXDEP set equal to zero. 

Before discussing the results, we consider 
what effect varying family size should have 


on bequests in the Marshallian model. Larger: 
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TABLE 8- REGRESSION MODELS OF DISCOUNTED BEQUESTS 
OF WISCONSIN MALE DECEDENTS BORN 1890-1924? 


Linear Logarithmic 
Variable (Model 3) (Model 4) 
Ej 2.404 - 
(3.78) 
E; ; 9.357 z 
(19.3) 
LE; - 0.274 
(4.33) 
LE, - 1.824 
(8.23) 
DNEGE - 2.493 
(3.849) 
MAXDEP — 1,057 0.125 
(1.62) (4.93) 
DEPMISS — 1,539 — 0.485 
(0.12) (0.973) 
Ds 2,436 0.146 
(0.82) (1.27) 
Z l 12,390 0.492 
(3.37) (3.43) 
A*LT65 734.1 0.0407 
(2.89) (4.13) 
A*GE65 83.5 0.0284 
(0.31) (2.70) 
BYR 660.8 0.052 
(2.97) (6.033) 
À —3,429 —0.650 
(1.20) (5.84) 
Constant ' —42,990 4.219 
(2.512) (5.23) 
R? 3216 .1602 
N 1,064 1,064 


t-ratios shown are shown in parentheses. 


families create additional opportunities for 
profitable human investment. Hence, in- 
creasing family size should shift the function 
relating the marginal rate of return on hu- 
man bequests away from the origin, or to the 
left (panel (A), Figure 1), therefore the finan- 
cial bequest function in panel (B) should 
shift rightward. Consequently, bequests 
should fall among those planning them. The 
presence of heterogeneity in the data may 
confound this result. Suppose people who 
have big families are different than those 
who have small families in the following 
way; the motive that leads them to have 
children is similar to the motive to invest in 
them. In such a case, it is conceivable that 
parents of large families will not only make 
larger human bequests than other parents, 
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but make larger financial bequests as well. 
Hence the presence of a bequest motive is 
compatible with either a positive or negative 
effect of family size on terminal wealth. 

Table 8 presents a linear and a log model 
with MAXDEP included. The marginal ef- 
fect of MAXDEP is to reduce bequests. The 
results imply an additional sibling will re- 
duce the father's estate by $1,057 in the 
linear model, and by about 121 percent in 
the logarithmic model. 


VII. Conclusions 


The results fail to show individuals de- 
accumulating wealth in old age. Indeed some 
results show the opposite. It is hard to un- 
derstand how or why people could be accu- 
mulating in old age. One possible reason for 
how they accumulate is that they drastically 
reduce consumption in old age (Daniel 
Hamermesh, 1982; Danziger et al.). Two rea- 
sons why they do it comes to mind. First, the 
bequest motive is strong, and may become 
stronger, as they age. Second, persons be- 
come more and more averse to risk as they 
age. In any case, the data fail to support the 
positive predictions of the “humped” age- 
wealth profile. 

The marginal propensity to bequeath out 
of lifetime earnings is greater for the rich 
(those in the top quintile) than others. Hence, 
redistribution of income from the rich to 
others (if expected and not transitory) will 
reduce lifetime saving as is defined here. 
Interestingly, redistribution within the bot- 
tom four quintiles will not significantly re- 
duce lifetime saving. In general, we can say 
that an egalitarian state with most people at 
the median would likely save less than a less 
egalitarian state with many people at the 
tails of the earnings distribution. 

Some caveats are in order. First, it is as- 
sumed by us (and by Blinder) that all-people 
have the same utility function so life cycle 
saving (saving for future consumption) can- 
not be affected by the income distribution. 
If, however, the subjective rate of time pref- 
erence is correlated with earnings, income 
distribution would also affect life cycle sav- 
ing. Second, if the net of tax rate of return to 
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financial wealth is related to earnings, this 
could alter the interpretation of our findings. 
If higher earners received higher net yields, 
findings like ours would be contaminated by 
a price éffect falsely interpreted as an income 
effect. Finally, and most importantly, sup- 
pose the Marshallian model is correct. Re- 
distribution from the rich to others would 
reduce financing saving, but, if human capital 
expenditures rose, there would be an offset- 
ting effect on total capital supply. Indeed, 
our model requires the rate of return on 
human capital expenditures to be greater 
than, or equal to, the yield on financial 
capital. Hence a diversion of one dollar from 
bequests to human capital expenditures 
would likely to increase total capital stock, 
an outcome explicitly stated by Marshall (pp. 
229-30). 
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The Economics of Invention Incentives: Patents, Prizes, 
and Research Contracts 


By BRIAN D. WRIGHT* 


Though public intervention in the market 
for research is virtually universal, economists 
have paid surprisingly little attention to the 
choice of the form of research incentive in a 
given market structure. Many studies con- 
centrate on patents, but any assumption of 
their superiority over other incentives has 
been founded on intuition rather than on 
formal analysis. 

In this paper I analyze the choice between 
three of the most common alternative means 
of public intervention in the research market, 
namely, patents, prizes, and direct contract- 
ing for research services. I show why, and 
under what conditions, any one of the three 
may be preferred by a social welfare-maxi- 
mizing administrator in a competitive econ- 
omy, using a model that, for the first time, 
pays explicit attention to differences in the 
informational roles of each of these alterna- 
tives. 

In the extensive literature on the econom- 
ics of patents (see Arnold Plant, 1934; Fritz 
Machlup, 1958; Charles Taylor and Z. A. 
Silberston, 1973; Morton Kamien and Nancy 
Schwartz, 1975; and F. M. Scherer, 1977, for 
valuable surveys), formal analysis weighs the 
benefits of patents as a solution to the market 
failure associated with the inappropriability 
of knowledge against the welfare cost due to 
the restriction on the use of the knowledge 
generated, and this tradeoff is optimized by 
patent life adjustment in William Nordhaus 
(1969). Scant analytical attention is paid to 
alternative incentive mechanisms. (An excep- 
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Brennan, Steven Englander, Robert Evenson, 
Richard Levin, Richard Nelson, Susan Rose-Ackerman, 
Denis Wright, and two referees for assistance of various 
kinds. 


691 


tion is Ben Yu, 1981, who considers the role 
of prior contracting for inventions.) 

But as many writers (for example, Dan 
Usher, 1964; Yoram Barzel, 1968; Joseph 
Stiglitz, 1969; Carole Kitti, 1973; Glenn 
Loury, 1979; Partha Dasgupta and Stiglitz, 
19802) have pointed out in various contexts, 
the incentive offered by an unlimited patent 
to competitive researchers may be excessive, 
due to the “common pool problem" dis- 
cussed further in Section I below. If the 
patent administrator and researchers share 
the same information, as implicitly assumed 
in previous models, then the patent life limi- 
tation can be adjusted to provide the optimal 
patent incentive, given the common pool 
problem. But in all such models, patents 
would not be chosen in a fully optimized 
fiscal system. Researchers and the adminis- 
trator are assumed to have identical informa- 
tion about the shadow price of potential 
inventions; a patent is just a means of turn- 
ing this shadow price into a monetary re- 
ward. But monetary compensation can in- 
stead be offered directly to researchers by 
the state. Assuming that patent revenues in- 
cur a higher deadweight loss than an equiva- 
lent amount of public funds financed by less 
distortionary means (for example, a minimal- 
ly efficient tax system), appropriate prizes or 
government contracts are socially preferable 
to patents with optimal lives. 

If the patent is ever to be the optimal 
incentive mechanism for research, it must 
possess advantages not captured in existing 
models. Informal discussions of patents em- 
phasize their informational role. To include 
the latter as a justification for decentralized 
invention incentives, I incorporate an ex ante 
imbalance of information about costs and 
benefits of research in the model presented 
in Section IL. But this alone is not quite 
enough. It is further necessary to specify that 
the terms of the award must be fixed before 
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this informational imbalance is ae if it 
can ever be economically resolved. Several 
arguments for this assumption which is 
maintained throughout are presented in Sec- 
tion V; if it does not hold, any rationale 
presented here for choosing patents over 
other incentives with lower excess burden 
collapses. 

The informational asymmetry of the model 
in Section II does make a patent system a 
relevant choice, in contrast to previcus mod- 
els. But it also transforms the common pool 
problem, previously viewed as correctable, 
into such a serious drawback for prizes and 
patents that contracts may be a superior 
alternative. Hence any of the three alterna- 
tives considered may be the best choice given 
the three allocative difficulties recognized in 
the model—lack of appropriability of knowl- 
edge, deadweight loss of the patent, and the 
common pool problem. The relationship be- 
tween the parameters of the model and the 
choice of incentive mechanism is analyzed in 
Section III and illustrated for a simple case 
in Section IV. Some generalizations of the 
results are discussed in Section V, and con- 
clusions follow in Section VI. 


I. Resource Allocation in a Simple Competitive 
Invention Model where All Agents have 
Identical Information 


I consider the search for a specific process 
invention which, by lowering the cost of 
production of some competitively produced 
commodity, could produce a social benefit of 
value B. The invention is discrete (a “pot of 
intellectual gold") and its discovery imparts 
no knowledge that could be useful in the 
development of other technologies.! A public 

N 


'By considering a process invention, I ignore effects 
of different incentives on product variety which could 
be important for product inventions, as one referee has 
noted. Further, the assumption of a single goal greatly 
simplifies the analysis by ruling out two phenomena 
related to the disclosure inherent in the patent incentive. 
The first is that competitors can often “invent around” 
a patent, lowering its value to the inventor (Machlup, 
p. 50) This possibility in turn tends to broaden the 
Scope of claims made by inventors, and to encourage 
defensive "sleeping patents" (Richard Gilbert and David 
Newbery, 1982). It can also make the alternative of 
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administrative authority, responsible for re- 
search activity, seeks to maximize a risk-neu- 
tral individualistic social welfare function 
through intervention in the market for re- 
search. At time 0, the administrator an- 
nounces the type and terms of the incentive 
offered to researchers, and researchers make 
their allocative decisions. All research pro- 
jects take a fixed time to complete, and 
finish at time 7, when the results of the 
research are revealed, and the invention, if 
achieved, is utilized and yields its social ben- 
efit. Discounting of costs and benefits is 
implicit; all prices are expressed as time I 
present values. 

Research activity is carried out by a large 
number of small independent profit-maxi- 
mizing, price-taking research firms with 
identical technologies. One of the factors 
which they employ, “research skills,” mea- 
sured in efficiency units, has a nondecreasing 
marginal cost to the research industry, and 
all the other factors used by researchers are 
in perfectly elastic supply.^ For any firm i 
the total cost of producing p, units of re- 
search activity is c(p;, m), where m is the 
aggregate research produced by all firms. 
Because of the indivisibility of the services of 
the owner-manager, marginal cost dc/ dp; = 

eB, m) first decreases then increases with 
bs minimum average cost occurs at output 
p*, independent of m. For simplicity it is 
assumed p* equals unity, so with free entry 
each firm in the research industry performs 
just one project and the number of firms 
equals the number of projects m.? 


attempting to maintain secrecy more attractive. The 
second is that inventions often provide some of the 
information needed to develop other, possibly quite 
different, socially beneficial inventions, which may not 
affect the private value of the first discovery. The addi- 
tional social return to the invention will not be reflected 
in the value of the patent. 

Research skills may be owned by the researcher 
firms themselves. The supply situation is analogous to 
that of competitive farmers who own or rent land which 
has an upward-sloping supply curve to the industry as a 
whole. 

?Tt is assumed that p is sufficiently small to justify 
treatment of aggregate research m as if it were a con- 
tinuous variable. The equilibrium result, that all firms 
operate at optimal efficiency, is derived in Dasgupta and 
Stiglitz (1980a, pp. 17-18). 
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For the industry as a whole, the cost of m 
units of research activity is C(m) = Xc(p,) 
and the industry research activity supply 
curve is C’(m)>0 with C"(m) 2 0. In the 
search for the invention, I assume that if 
duplication of research tasks occurs, it must 
be unforeseeable ex ante to both researchers 
and the administrator. (Thus a possible ad- 
vantage of centrally controlled research con- 
tracts in reducing duplication is ignored.) 
The probability that the invention will be 
found (i.e., that at least one research project 
is successful) is P(m), with P'(m)» 0 and 
P"(m) <0. 

A completely decentralized market will not 
in general yield the optimal level of research 
in this model. If secrecy is ruled out,* the 
invention, being available at no cost to all 
users, will have no commercial value. There- 
fore government intervention is needed to 
provide private research incentives. The so- 
cially optimal allocation of research effort 
depends upon the information available to 
the administrator and researchers. In this 
section it is assumed that the government 
and private researchers have identical infor- 
mation. They know the cost and probability- 
of-success functions, and have rational ex- 
pectations about m prior to the conduct of 
research. 

Then assuming lump sum taxation is pos- 
sible (or the marginal welfare cost of general 
revenue is negligible) and there are no market 
distortions in other sectors, the socially opti- 
mal level of research activity mọ is the level 
at which expected marginal social benefits 
BP'(m) equal marginal social cost C'(m). 
This can be achieved in several ways. The 
administrator can announce that he will buy 
my units of research at a price determined by 
competitive bids. Or, if C’(m)> 0, he can 
offer to pay the ex ante expected marginal 
product, B-P’(m,) for any units of research 


*Secrecy is technically feasible only for the limited 
class of inventions in which exploitation does not imply 
revelation of the secret. It should be clear from the 
discussion below that secrecy is for several reasons 
socially undesirable in the full information model of this 
section. See Taylor and Silberston, ch. 9; Edmund Kitch 
(1977); my 1981 paper; and Steven Cheung (1982) for 
further discussion of the public and private merits of 
secrecy as a means of protecting inventions. 
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offered. Then (assuming no alternative de- 
mand fór research) in equilibrium 


(1) C'(mj) =H; 'e(p;, mo) 
= ci(n;, mo) = dlu B: P'(mo)]/9n; 
= B-P'(my), 


and the optimal level of research output m, 
is achieved with p;-1 for any firm i con- 
ducting research. Note that the competitive 
researcher ignores the marginal effect of his 
own research activity p; on P’(m), consistent 
with the familiar price-taking behavior of an 
atomistic competitor. 

Alternatively, the administrator might 
consider rewarding successful projects. This 
can be done by offering patent protection for 
a successful inventor, or by offering a prize. 

Absent any deadweight loss, it might seem 
that an optimal patent policy would protect 
the full value of the invention, (see, for ex- 
ample, Nordhaus) and that a prize of 
equivalent present value would also be opti- 
mal. However, in a competitive model either 
incentive will create a welfare loss in the 
invention market if an award is made 
whenever success is achieved and, in the case 
of multiple successes, is shared equally by 
the successful projects or allocated randomly 
to one of them. Since each of the m projects 
is considered equally likely to discover the 
invention, the researchers, having rational 
expectations, consider each project to be one 
“ticket” in the “invention lottery," the ex- 
pected return on each being m^ !B-P'(m). 
Producer i equates this expected return to his 
marginal research cost c,(p;,m), so that 


(2) C(m)= en, m) 
= G(u,-m^ B-P(m))/9n; 
= m~'B-P(m). 


Since P’(m) is negative by assumption, 
m ^ !P(m) is strictly greater than P'(m), so a 
comparison of equation (2) with (1) shows 
that if the patent or prize offers the full 
social value of the invention, excessive re- 
sources are allocated to research. In equi- 
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librium, the only net social gains expected 
from research are the rents accruing to the 
research skills employed by research firms; if 
these skills are in perfectly elastic supply, the 
entire research effort produces no net ex- 
pected benefit at all. The problem is equiva- 
lent to that noted by H. Scott Gorden (1954) 
with respect to competitive fishing in an 
open access fishery;? it is, borrowing Das- 
gupta and Stiglitz's terminology, denoted the 
*common pool problem" below. 

The common pool problem can be solved 
by reducing the value of the patent or prize 
award to a fraction Y of the social value of 
the discovery, where Y equals the ratio of 
expected marginal to expected average bene- 
fit of research activity. In a multiperiod con- 
text, the reduction in patent value would be 
equivalent to the existing patent life limita- 
tion in the United States, except that the 
length of life would not be fixed at seventeen 
years, but would be adjusted ex ante so that 
the expected present value of the award is 
reduced by a fraction (1— Y). Patent life 
reduction as a solution to the common pool 
problem is presented in Kitti. 

Assuming intertemporally separable patent 
demands, the analytical equivalent of this 
patent life limitation in my one-period model 
is achieved by randomly allowing the award 
of a patent, given success, only with prob- 
ability Y which is a function of the parame- 
ters of the problem. (A tax on the patent has 
a greater expected welfare loss.) Except where 
otherwise indicated, in this paper “patents” 
denote incentives optimally adjusted in this 
way. 

In this starkly simple static model, there is 
another way of overcoming the common pool 


5The application of Gordon's insight to research was 
noted by Usher. In an intertemporal context the benefits 
are dissipated in the “race to be first" (Barzel). Others 
who have recognized the problem in various guises 
include Kitti, Loury, and Dasgupta and Stiglitz (19802). 
Recently Kitch and Yu have assessed patent incentives 
from an institutional and contractual viewpo:nt. In the 
form of an employment contract, prior contracting is 
much like my “contracts” option (for example, Yu, 
p. 221). If prior contracts are for patents, moral hazard 
problems regarding self-identification and mozivation of 
researchers could be severe under informaticnal asym- 
metries. 
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problem with patents and prizes, which, 
though of dubious practicality, will provide 
us with a useful yardstick in following sec- 
tions of this paper. It involves a change in 
the rules of awarding the patent right or 
prize. The misallocation illustrated above 
arises because the expected private benefit 
from a unit of research exceeds its marginal 
social benefit. When does a unit of research 
have a positive marginal social benefit 
ex post? Only when it results in success and 
all other units fail If more than one 
researcher discovers the single discrete inven- 
tion considered here, then the marginal con- 
tribution of each is zero. Hence, the requisite 
rule change is that the prize or patent right 
be awarded only in the case of a single, 
unduplicated success in achieving the re- 
search goal at time 7.5 Since P(m) is defined 
as the probability that at least one research 
project succeeds, each researcher, having ra- 
tional expectations as to m, will perceive the 
incentive to be B-P'(mo), which is exactly 
the same as the optimal public payment for 
research described above. 

In this model the principle is implemented 
by mandating that to qualify for an award, 
all researchers must submit their results in 
confidence to the planner at the end of the 
invention period. Competition should rule 
out any communication between successful 
applicants which would reveal multiple suc- 
cesses. For want of a better term, we call 
awards under this rule “marginal patents" 
and “marginal prizes." In a more realistic 
dynamic intertemporal context, this method 
of making awards presents serious admin- 
istrative challenges. How is parallel invention 
to be distinguished from copying? Over what 
time interval can the occurrence of similar 
inventions be labeled *simultaneous" and no 
award allowed? How soon would the inven- 
tion have been found by another researcher? 
Such difficulties would ordinarilv preclude 
real world implementation of marginal pat- 


That is, research is rewarded only if it makes a 
marginal difference, ex post. The method is in this sense 
analogous to the assessment of the "Clarke tax" and 
related mechanisms for obtaining honest revelation of 
preferences for public goods (Edward Clarke, 1971). I 
am indebted to Susan Rose-Ackerman for pointing out 
this analogy. 
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ents and prizes unless, for some exogenous 
reason, competition must end and implemen- 
tation begin at a fixed point in time. How- 
ever, marginal patents and prizes are useful 
analytically because, unlike the alternative of 
reducing the reward, they yield conventional 
welfare results regarding patents even when 


informational asymmetry is introduced. They: 


serve as yardsticks which help show, in Sec- 
tions III and IV below, the extent to which 
recognition of the common pool problem 
reduces the value of the more realistic de- 
centralized alternatives under various param- 
eterizations of the model to be introduced in 
Section II. 

Though the above alternative eliminates 
the common pool problem for patents in the 
model used in this section, it has no rele- 
vance for identification of the best invention 
incentive system because its associated dead- 
weight loss renders it inferior to direct pay- 
ments by the public in the form of prizes or 
contracts. Justification for using patents 
must be sought in a different model. 

The rich informal literature on the patent 
system emphasizes the importance of the 
patent as a decentralized decision-making 
device, implying that information and its 
distribution are major elements in the ratio- 
nale for the patent instrument. This rationale 
is explored in the model outlined below, in 
which the research administrator possesses 
information different from that available to 
private sector researchers. The model is used 


7Stiglitz presents a similar argument. Ward Bowman 
(1973, ch. 5) points out that price discrimination by the 
patent holder would reduce the excess burden, but he 
does not claim that perfect price discrimination is feasi- 
ble. Assuming all price discrimination is ruled out, the 
welfare cost caused by a patent on a cost-reducing 
invention can be described as follows. For simplicity, I 
assume that the invention is of the run-of-the-mill type 
(Scherer's 1965, and Nordhaus' terminology) in which 
the absolute values of the cost reduction and the de- 
mand elasticity for the product are not so large that 
revenue-maximizing output exceeds the preinvention 
competitive supply, Qo. (For a clear discussion, see 
Nordhaus, pp. 70-73, or Dasgupta and Stiglitz, 19802). 
The invention lowers marginal (and average) cost from 
MC, to MC,. A profit-maximizing patent holder main- 
tains output at Qo rather than at its new competitive 
level Q,. Patent revenue and the approximate welfare 
cost of the patent, are Qu( MC, — MC,) and $(Qo — 
QX MC — MC), respectively. 
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to evaluate the three alternatives which have 
widely used, real world counterparts: patents, 
prizes, and research contracts.? 


Il. The Invention Model with Asymmetric 
Information 


This model is an extension of that above, 
modified to make information about costs 
and rewards asymmetric. Total industry re- 
search cost is now subject to a random multi- 
plicative disturbance 0, with zero mean and 
finite variance ag. This cost function is 
denoted K(m,0) where K(m,0)-— (1^ 
8)C(m) with K, =0K/dm>0, K,, = 
07K /dm* > 0. The social payoff if research 
is successful, B, is subject to an independent 
random disturbance $ with zero mean and 
finite variance og. Consistent with Section I, 
the probability that one or more researchers 
find the single objective is P(m), with P'(m) 
<0, P"(m) » 0. 

As discussed above, an imbalance of infor- 
mation between the public research authority 
or administrator and the innovating agents is 
essential if a patent system is to be a candi- 
date for the best incentive choice in a com- 
petitive model. Reasons for such an imbal- 
ance have been advanced by Kenneth Arrow 
(1962), Martin Weitzman (1974), Richard 
Nelson (1982), and many others. The as- 
sumption that information is costly to 
acquire, and the implication that it might not 
always be optimal (or even possible) for the 
administrator to find out everything relevant 
to his decision that the private researchers 
know, seem especially appropriate in the case 
of inventive activity. 

The informational asymmetry is repre- 
sented as follows. At time 0, when decisions 
are made on the level of incentive and on the 
allocation of resources, the researchers know 
f and 8 which affect benefits and costs, re- 


8 Obviously these are not the only means which can 
conceivably be used to foster research. I have, for exam- 
ple, ruled out complicated combinations of patent lives 
and subsidies or taxes mentioned in the literature (Kitti, 
p. 31; Nordhaus, p. 89), and secrecy (see fn. 4 above). 
An auction system is presented by Barzel and used by 
Kitti, but *only as a standard of comparison for the 
current patent system. It is not being promoted as a 
feasible alternative" (p. 68). 
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spectively, but the administrator knows only 
the distribution of f and 0. For example, $ 
might represent a marketability factor that is 
known only to private firms familiar with 
. marketing, while 0 might reflect industry- 
specific research experience. Processes which 
could directly transfer information about 
these random variables between researchers 
and the administrator are assumed to be too 
costly to be feasible. 


I. A Comparative Evaluation of Patents, 
Prizes, and Contracts 


The evaluation criterion is the expected 
net differential social benefit relative to a 
contract by the administrator for mq units of 
research, the optimal contractual allocation, 
given that the administrator cannot observe 
the realizations of $ and 0. Two types of 
award are considered initially. 

[1] Patent. The patent award is given to 
one of the successful discoverers at time 7, 
(or shared by all successful discoverers, who 
exploit it as a monopoly), so that the com- 
petitive individual inventor responds to the 
average expected benefit. The welfare loss 
caused by an unlimited patent, which is in- 
curred only when a patent is awarded, is 
defined as L, where the magnitude of L/B is 
assumed at most to be of the same order as 
og. The common pool problem discussed 
above is alleviated by allowing the patent 
award, given success, only with some prob- 
ability Y, less than unity. As discussed above, 
this procedure is the atemporal equivalent of 
limiting patent life; it maintains an equiva- 
lent relation between the private value of the 
patent and its deadweight loss. 

In the model of Section I, the optimal 
allocation mg could be achieved by offering 
to purchase research inputs at the price, 


(3)  B.P'(m;)- YoBP(mo)/mo, 
where Y, is equal to A(P), the elasticity of 
total probability that at least one research 
project succeeds, evaluated at mo, 


(4) YX-h(P)e m,P'(m,)/P(m). 


In the case of a patent awarded in the cur- 
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rent model with asymmetric information, the 
value of Y, which is optimized by the admin- 
istrator ex ante, is a function of the excess 
burden L, as well as the other parameters of 
the problem. 

[2] Prize. If a prize is chosen, it is 
awarded whenever success is achieved. If 
several projects are successful, it is shared by 
all or a subset chosen at random. The prize 
value is optimally reduced ex ante to counter 
the common pool problem. I assume that the 
revenue needed to finance the prize can be 
raised with negligible excess burden. 

The method of evaluation of patents and 
prizes proceeds as a generalization and ex- 
tension of the approach used by Weitzman 
(1974) to study the choice of prices vs. quan- 
tities in controlling pollution.’ First consider 
the simple example in Figure 1, in which the 
benefits are nonstochastic and equal to B. 
The marginal cost of research activity, C’(m), 
is subject to a multiplicative shifter (1+ 0), 
where @ equals +0 or —6, each with a 
probability of one-half. Probability of one or 
more successes is a nonlinear function P(m), 
and BP'(m) is the marginal expected return 
function. 

Under a prize option, the administrator 
optimizes the fraction Y of the social benefits 
incorporated in the award. To simplify the 
graphical exposition, it is assumed here that 
Y is fixed at Y,; the full optimization (con- 
tained in the Appendix) confirms that this is 
an adequate approximation for small values 
of of and/or of. Researchers respond by 
producing m, or m, units of research. The 
expected differential net social gain from 
choosing the prize option, rather than con- 
tracting for m, research units, the allocation 
which is optimal in the nonstochastic case in 
which 0 is fixed at zero, is represented by 
i[4rea VEF- Area AVD + Area FHG — 
Area HJK]. This expression . could well 
be negative, even though this option avoids 


?In accordance with the advice of a referee, the 
discussion below concentrates on a heuristic graphical 
exposition; a mathematical derivation of the expected 
net gain from using a patent, relative to contracting for 
my units of research, is relegated to the Appendix. The 
expected gain from a prize is a special case of the gain 
from a patent, with L and o£ fixed at zero. 
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FIGURE 1. THE SOCIAL VALUE OF PRIZES WHEN RESEARCHERS HAVE 
EXCLUSIVE COST INFORMATION 


the alternative welfare loss, represented by 
4[ Area EQRF + Area JSTK], which would 
be incurred if a prize were offered equal to 
B, the social value of success. 

Figure 1 can be used to examine an al- 
ternative to the prize option, namely à com- 
mitment by the planner to purchase units of 
research activity at a fixed price, announced 
at time 0, represented by the horizontal 
dashed line aW. (This option is equivalent to 
the “price” option for pollution control pre- 
sented by ‘Weitzman, 1974.) It is easy to 
show that the prize option is superior to this 
alternative; its advantage is that it offers an 
incentive with a desirable positive correlation 
with the equilibrium marginal productivity 
of research. 

So far I have illustrated the gains from 
choosing a prize rather than direct contract- 
ing, for just one example. However, as shown 
in the Appendix, it is possible to derive more 
general results from this analysis, expressed 
in terms of elasticities, for cases in which the 
stochastic shifters ¢ and @ have sufficiently 
small variance. For a prize, the derivation 
can be illustrated as follows. 

An alternative measure of the expected net 
differential gain in Figure 1 is [Area DEF — 
Area AFD + Area FJG — Area FIK]. We can 


approximate these areas with the areas 
of triangles bounded by one straight line 
through EM E, two through F, and one 
through G, with slopes equal to C"(mg), 
BP”(mo), C"(my), [Y BP(m,)/m,]/9m, 
and C"(my), respectively. 

Areas DEF and FHG have a vertical side 
of length aĝ. Triangles approximating areas 
AFD and FJK have a vertical side of length 
(ALY BP(m,)/mo — BP'(mo)/àm)Am, 
where Am approximates the distances (m — 
m3), and (m, Fi mo), 


am= ab / 3 et 


Thus if 6 is sufficiently small, the expected 
net differential social gain from a prize rela- 
tive to contracting for m units of research, 
G( prize), can be approximated as the ex- 
pected difference between two triangles: 


y TBP (mo) | 


Mo 


(5) G( prize) = 3B (alam 


- B-P(m,)] (amy). 
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FIGURE 2. THE SOCIAL VALUE OF PATENTS WHEN RESEARCHERS HAVE 
EXCLUSIVE INFORMATION ABOUT THE BENEFITS OF SUCCESS 


Substitute the expression for Am above, mul- 
tiply above and below by m,/a, and use 
equation (4) to obtain 


2[1/2 - ^&(4P)] 
h(MP)-h(AP) | 
1/n—h(AP) J’ 


where 1 > 0 is the elasticity of supply of m 
at Mo, (AP) — (moP'(mg)/mg — 1) <0 is 
the elasticity of the average probability of 
success, P(my)/m,, and h(MP) = 
moP"(myg)/P'(mg) «0 is the elasticity of 
the marginal probability of success: 

If the patent welfare cost L equals zero, 
the gain from choosing a prize in the case 
` illustrated in Figure 1 also equals the gain 
from choosing a patent. More generally, the 
difference between the social value of prizes 
shown in Figure 1 and the social evaluation 
of patents is the difference between two com- 
ponents. The first is the expected social value 


(6) G(prize) - 


{1+ 


arising from the fact that patents, unlike 
prizes, give researchers an incentive to use 
exclusive information regarding benefits B, 
and the second is the patent deadweight loss 
L. The value of the first component is ex- 
plored in Figure 2, in which L and @ are 
assumed to be fixed at zero. Benefits B are 
subject to the random shifter $, which takes 
either of two values + § each with a prob- 
ability of one-half. Either m, or m, units of 
research are produced. The expected net so- 
cial benefit of patents is represented by 
i[4rea VEF — Area AVD+ Area GHF — 
Area HJK ], which is not necessarily positive. 
An alternative expression for this area is 
l(Area DEF — Area DAE + Area FJG — 
Area GJK}. These areas can. be approxi- 
mated by triangles bounded by two straight 
lines through E, one through .F, and two 
through G, with slopes 0o[Y, BP(mg)/mg]/ 
am, BP'"(mg) BP'(mg) O[Y,BP(mg)/ 
mo]/àm, and BP"(my), respectively. 

Areas DEF and FJG in Figure 2 have a 
vertical side of length aĉ. Triangles ap- 
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proximating areas DAE and GJK have a 
vertical side of length (0[Y, BP(mg)/m, — 
BP'(my)]/O0m)/Am, where Am approxi- 
mates the distance (mg — m4), and (m, — 

mo): 
am= af / [erm )-x 20 
am Y "a m F 


Thus if § is sufficiently small, and indepen- 
dent of 0, and the patent deadweight loss 
L0, the expected differential social gain 
from choosing a patent rather than a prize 
can be approximated as the expected dif- 
ference between two triangles, that is, 


(7) 
1 


G( patent) z-o — G( prize) = 3E [aiam 


29. y £219) 
àóm| ?^ my, 


- IP'(no) (amy. 


Substitution for Am in (7), use of (4), and 
multiplication above and below by mj/a 
yields the following approximation for the 
expected net gain illustrated in Figure 2: 


(8) G( patent) .o — G( prize) 
" amo; 
| 2[1/n-A(AP)] 
x it TA). 


1/2 — h(AP) 
The expected deadweight loss from a patent 
scheme, ignored in Figure 2, is approxi- 
mately, 


P'(mg) 


P(m)) 





Y,LP(m,) = m, P(my)L 


L 
mm amog , 


since BP'(mg) = a. Subtraction of this from 
the sum of equations (8) and (6) reproduces 
the approximation derived in the Appendix 
for the expected net social gain G( patent) 
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from using a patent, relative to opting for mo 
units of contractual research, when Y is opti- 
mally adjusted. by the administrator, given 
his information, 


(oè + of) 
O) Gam) ee m 3 sag 
h(MP)-h(AP)] L 
xp | a 


This approximation, which eliminates terms 
of smaller order than o? and oj, is ap- 
propriate not only for the two-point prob- 
ability density functions in the examples il- 
lustrated in Figures 1 and 2, but also for any 
independent compact distributions of § and 
Ó with mean of zero, provided that the vari- 
ances are sufficiently small. Under the same 
conditions, equation (6), which is a special 
case of (9), is an appropriate approximation 
to the expected social gain from using a prize 
incentive rather than directly contracting for 
my units of research. 

In the model of the previous section, patent 
and prize incentives, optimally adjusted 
ex ante, were unaffected by the common 
pool problem. But Figures 1 and 2, and 
expressions (6) and (9), show that this is not 
true when there is an informational asymme- 
try of the type which one might suppose 
would justify the more decentralized inven- 
tion incentives. The common pool problem is 
then a real drawback of patents and prizes 
even if the limitation on the award is opti- 
mized ex ante. To show the extent of the 
efficiency losses caused by the common pool 
problem, let us now consider the expected 
differential net gains from the yardstick 
marginal patents and prizes discussed in Sec- 
tion I, which are unaffected by the common 
pool problem even if information is asym- 
metrically distributed. They thus are con- 
sistent with standard analyses of models with 
no informational asymmetry, in which the 
common pool problem (as well as any reason 
for choosing decentralized incentives) does 
not appear. 

[3] Marginal Patent. Under the marginal 
patent, the administrator is again assumed to 
have the ability to optimally reduce expected 
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patent value to a fraction, denoted by Z, of 
its unrestricted level. In this case, the sole 
rationale for such a “patent life reduction” 
would be to reduce optimally the excess 
burden L, as in Nordhaus, who ignores the 
common pool problem. In this model, the 
equivalent of patent life limitation is to award 
the patent with conditional probability Z, 
given exactly one research project is success- 
ful. When L equals zero, Z obviously equals 
unity. 

[4] Marginal Prize. Like the marginal 
patent, this prize is awarded only in the case 
where just one research effect is successful in 
making the particular discovery which is the 
objective of the incentive. 

In the cases illustrated in Figures 1 and 2, 
the expected social gain from choosing a 
marginal patent relative to contracting for 
m units of research is represented by 3[ Area 
VEF + Area FHG], which is nonnegative. 
The expected advantage of the marginal 
patent over the more feasible patent consid- 
ered above, entirely attributable to the inter- 
action of the common pool problem with the 
informational asymmetry, is represented by 
4[ Area AVD + Area HJK] for both the al- 
ternate cases illustrated in Figures 1 and 2. 

In either figure, the ratio of the triangular 
approximation for Area VEF to the ap- 
proximations for Area DEF derived above 
is equal to the approximation to mo~ M}, 
divided by the approximation to m — m, 
made above. This ratio is [1/7 — Ah( AP)]/ 
[1/7 - h(MP)]. It is easy to infer from 
equation (9) and the discussion of its compo- 
nents!’ that 


(10)  G(marginal patent) 
amo(og + oê) L 
"XI/2-h(MP) B 
(11) 


2 
am 
G (marginal prize) — oo» 


2(1/3 — h(MP)) 


104 derivation for G(marginal patent) in equation 
(11), similar to derivation of G( patent) in the Appendix, 
is available from the author. 
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Subtraction of equation (9) from (10) yields: 


(12) G(marginal patent) — G( patent) 
` amo( o + of )[^(4P)- A(MP)] 
2[1/2 - &(MP)][1/3 — ^&(4P)P- 
Similarly 
(13)  G(marginal prize)— G( prize) 
228m [A(AP)- ^( MP) 
2[1/2 - h(MP)][1/s - h(AP)T 


Given 1/1 > 0 > h( MP), equations (12) and 
(13) are nonnegative. 

The comparisons with the less practical 
marginal options have shown why the more 
feasible patents and prizes initially consid- 
ered cannot motivate researchers holding rel- 
evant information unavailable to the public 
sector to allocate the expected social wel- 
fare-maximizing amount of resources to re- 
search. This problem exists even if the re- 
searchers have all the available information 
and know all the relationships in the model, 
and the administrator optimally sets.the patent 
life or prize value ex ante, given his informa- 
tion set. tos 


IV. An Illustrative Example 


To show how the parameters of the model 
interact to determine the appropriate choice 
of incentive when oj’ and of are sufficiently 
small, to show the cost of choosing a less 
effective incentive, and to allow checks on 
the validity of the approximations in Section 
III when these variances are finite, the fol- 
lowing simple example is offered. Because 
marginal and average probabilities of success 
are relevant, it is necessary to choose a plau- 
sible functional form, rather than just a local 
approximation, for P(m). In the model of 
Section II, there is a set of potential research 
avenues or "projects," each requiring one 
unit of research input and one period for 
completion, and each having the same prob- 
ability of success in finding the single dis- 
crete invention goal. If it is further assumed 
that researchers can recognize which avenues 
are being pursued by competitors, have suffi- 
cient alternative avenues, and can avoid du- 
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TABLE 1 —SIGNIFICANCE OF THE COMMON POOL PROBLEM: THE NET EXPECTED 
BENEFITS OF THE PRIZE OPTION RELATIVE TO THE YARDSTICK MARGINAL PRIZE? 


Probability that 
Success is Achieved? al 25 
Jl 1.00 1.00 
3 1.00 0.99 
6 1.00 0.95 
9 0.98 0.68 


Elasticity of Supply of Research 


1 2 10 oo 
1.00 0.99 0.87 cd 
0.97 0.92 0.50 c 
0.86 0.65 c c 
0.19 c c c 


aFjgures in the body of the table represent G(prize)/G(marginal prize) from 


equations (6) and (11), assuming of > 0. 


*P(m)-1-(1— v)", evaluated at the nonstochastic optimum mg, with z = 0.01; 
P(m) is the probability that at least one of m research projects succeeds. 
°The decentralized options are dominated by a contract for mq units of research. 


4Accurate only for very small values of of. 


plication of the research efforts of each other, 
the total and marginal probabilities of success 
(i.e., of at least one successful project) are 


(14)  P(m)=1-(1- 7)"; 
(15) P’(m)=—(1— 7)"log(1— v), 


where v is the probability of success of any 
one project, assumed to be small. Then the 
significance of the common pool problem for 
sufficiently small o2, of is indicated by the 
ratio G( prize)/G(marginal prize), reported 
in Table 1. The results are also bounds on 
the performance of the patent option relative 
to the yardstick marginal patent. 

Note that toward the bottom right-hand 
corner of Table 1 the (optimized) prize op- 
tion is seriously inferior, and for a consider- 
able range of values the contractual alloca- 
tion of m, by the administrator would be 
preferred, even though it wastes researchers’ 
knowledge of 0. The alternatives are nearly 
equivalent when the elasticity of supply and 
the equilibrium probability of success (and 
the level of research activity) are low. But as 
supply elasticity falls, the met benefits at 
stake also decline; incentives are important 
only if they elicit a nonnegligible response."! 


l! Given the number of approximations made in de- 
riving them, the reader may wonder whether these re- 
sults are accurate for finite of. Consider then the case 
where the multiplicative shifter @ can take two values, 
+0.2, each with probability 0.5, so that of = 0.04. Fur- 
ther, assume an industry marginal cost function 


C= (12-0) [ 4mQO/7* 2/(1/3 -1)], 47 0,57 0, 


If the yardstick marginal options are in- 
feasible, what is the best incentive mecha- 
nism from the choice set which includes 
patents and prizes and direct government 
contracts? We know, from Table 1, that con- 
tracts can dominate prizes. The choice be- 
tween prizes and patents depends on the 
tradeoff between the advantage of the latter 
mechanism, that it uses researchers’ superior 
knowledge of the benefits of success, against 
its drawback, the deadweight loss associated 
with the patent. 

The patent dominates the prize option if 
and only if 
1 


2[1/n - &(4P)] 


h(MP)—h(AP) 
1/3 — h(AP) i 


(16) L/Boè< 


X|1- 


Critical values of L/Bao? calculated using 


where 7 is the (constant) supply elasticity. Then using 
equation (14) and searching for optimal reduction of the 
prize from B, one can confirm that the figures in the 
first five columns of the table are accurate within 0.01. 
The least accurate entry is in the upper right-hand 
corner; 0.87 should be 0.88 in this example. Paradoxi- 
cally, linear supply curves (for which the approximation 
(3) is exact) yield greater inaccuracies in this example, 
for sufficiently low P(m) and high yn. At P(m) — 0.1, 
7 = 10, research ceases when 0 = 4- 0.2. Therefore Y can 
be optimally adjusted for 0 = —0.2, rendering conven- 
tional prizes as efficient as marginal prizes, and superior 
to contracts. This problem diminishes as more points 
are added to the distribution of 0, and as o? decreases. 
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TABLE 2— THE CHOICE BETWEEN PATENTS AND PRIZES: CRITICAL VALUES? OF L/ Bo? 


Probability that 
Success is Achieved” ID 5$ 
al 0.05 0.24 
EC 0.05 021 
6 0.05 0.16 
9 0.04 0.08 


Elasticity of Supply of Research 


1 2 10 oo 
0.45 0.82 2.11 od 
0.36 0.56 0.55 c 
0.22 0.23 c c 
0.03 c c c 


?When L/Bog is greater (less) than the number in the text, prizes (patents) are the 


optimal choice. 


5P(m)- 1—(1— m)", evaluated at the nonstochastic optimum mo, with 7 = 0.01. 
*Patents and prizes are dominated by a contract for m units of research. 
SAccurate only for very smail values of of, of. 


(16) are presented in Table 2. Patents are 
most likely to be preferable to prizes when 
the overall success probability is low, and the 
elasticity of supply of research is moderately 
high. When probability of success and/or 
research supply elasticity is high, contracts 
can dominate patents.'? 

To help the reader judge whether the en- 
tries in Table 2 are likely to cover plausible 
magnitudes of L/Bo?, I offer one specific 
example. A standard error of 0.25 on the 
multiplicative shifter would seem to bestow 
on researchers an ample advantage in their 
knowledge of the value of the invention.” 
Nordhaus (p. 81) estimates a typical cost 
reduction from a process invention at around 
5 percent, and chooses 1.0 as an average 
value of the elasticity of product demand. 
These values imply that L/B (the ratio of the 
welfare cost of the patent to the sum of the 
patent revenue and the welfare cost, dis- 
cussed in fn. 7), is approximately 0.025. 

These choices imply that L/Bo? equals 
0.4, which lies in the intermediate range of 


An accuracy check using a constant elasticity supply 
function, and with f = -- 0.2, each with probability 0.5, 
shows the figures in the first five columns accurate 
within 10 percent, that is, about as accurate as Table 1, 
given the difference in denominator. Once again, the 
caveat for linear supply with high y and low P(m) 
applies. 

3 Note that the coefficient of variation of P could be 
very much greater than o; if, as one might expect, there 
are other random shifters, independent of {, unobserved 
by all parties. Only the relative difference in information 
is measure by f. 


the values in Table 2. Note that a higher 
value of of, or a lower value of L/B, would 
not prevent domination by contracts in the 
lower right-hand corner of the table. Using 
the probability of success function (13), the 
choice between patents, prizes, and con- 
tracts, for L/Bo? = 0.4, and of positive and 
small, is illustrated in Figure 3. As indicated, 
patents are optimal only in the shaded area 
toward the bottom of the figure. The argu- 
ment of Machlup and Plant that an inelastic 
supply of inventors implies that a patent 
system is undesirable is supported by this 
analysis. Patents are most attractive at supply 
elasticities between 2.0 and 4.0, and espe- 
cially for long shot research areas with low 
aggregate probability of success; patents are 
never the best choice if the aggregate prob- 
ability of success is over 0.45. Prizes are best 
for research areas with intermediate success 
probabilities, and for all areas where supply 
is inelastic, as is likely if there are essential 
research-specific inputs, unless the overall 
research venture is almost certain to succeed. 

When supply is elastic, contracts are the 
best choice for the considerable range of 
values covered by the upper shaded area, 
and they dominate increasingly as the overall 
success prospects become more certain or as 
supply elasticity increases. Thus contracts are 
best when the research process is most like 
activities routinely undertaken in other sec- 
tors of the economy, where sectoral input 
supplies are elastic and output is fairly pre- 
dictable. Paradoxically, the more decentral- 
ized incentives are less attractive when they 
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CONTRACT BEST 


0.8; 
PRIZE BEST 


| 


ELASTICITY OF SUPPLY OF RESEARCH 


o 


PROBABILITY OF SUCCESS: P(mgo) 
Ll 
m 


FIGURE 3. THE OPTIMAL CHOICE OF INVENTION 
INCENTIVE (L/Bo? = 0.4) 


elicit a highly sensitive economic response! 
This result is due to the common pool prob- 
lem; if it did not exist, or if marginal patents 
and prizes were feasible, patents would be 
the best choice in Figure 3 below the dashed 
line, and prizes would be best anywhere 
above that line. 


V. Generalization and Qualifications 
of the Results 


At this point it is appropriate to consider 
how the choices between incentives change 
as the assumptions adopted above are mod- 
ified. First consider the informational as- 
sumptions. It can be shown that the relative 
merit of each incentive does not change if the 
administrator has exclusive information 
about costs or returns which is not directly 
communicated to researchers. By optimally 
modifying the value of the prize or patent, 
the administrator can make researchers be- 
have as if they share his knowledge of these 
random elements. It is only exclusively 
private information which affects the choice 
between incentives. Furthermore if, instead 
of shifting C(m), the stochastic term 0 shifted 
P(m) in an analogous fashion, the results 
derived above would be unchanged. Exclu- 


MAn analysis of these cases is available from the 
author. 
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sively private information about the prob- 
ability function, like exclusively private in- 
formation about the cost function, increases 
the value of patents and prizes equally. 

The special advantage of patents arises 
only from ex ante researcher information 
relating to the value of the invention. If, on 
the other hand, the administrator cannot 
ex post costlessly monitor the quality- 
adjusted effort of researchers (successful or 
not), the two more decentralized options 
should have a further advantage over con- 
tracts by allowing self-selection and self- 
supervision of researchers. In fact, a major 
real world disadvantage of contracts, ignored 
here, is the X-inefficiency which can be at- 
tributed to the lack of incentives for cost 
control by researchers in situations where 
external monitoring is difficult. (However, 
Yu, pp. 220-21, argues that enforceability 
problems of contracts have been exag- 
gerated.) An extension of the current model 
could include differential monitoring costs 
for each incentive, and model X-inefficiency 
as a shift in the supply of research. An even 
more serious problem of moral hazard could 
arise under patents or prizes, if the patent 
life or amount of the award were modified 
ex post as a function of input costs, since 
cost guidelines cannot be as rigidly stipu- 
lated as under a contract if the greater private 
initiative under these options is to be given 
full rein. There is an additional moral hazard 
problem from the viewpoint of researchers, 
in that the government may understate its 
ex post evaluation if it wishes to minimize 
expenditures, and is not greatly concerned 
with the effects of such action on the reputa- 
tion of future governments. For these rea- 
sons, and because, as Kitch has emphasized, 
even the current fixed-life patent system in- 
curs a great burden of litigation, I have not 
considered awards whose terms are adjusted 
ex post. In any case, where such awards are 
feasible, patents are inferior to direct grants 
or prizes because of the presumed higher 
excess burden of patents. This may explain 
why we do not observe patents with lives 
determined ex post, whereas, as one referee 
has noted, most historical examples of prizes 
were determined ex post, though two very 
important inventions of the modern era, the 
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chronometer and canning, were awarded pre- 
determined prizes for prespecified achieve- 
ments, like the prizes considered here? 

Finally, the extension to an intertemporal 
framework of the type pioneered by Barzel 
appears to be quite feasible for the analysis 
of patent and prize options presented here. 
However, as mentioned above, anticipation 
of severe practical difficulties with imple- 
mentation of the marginal patent and mar- 
ginal prize options in an intertemporal con- 
text is reflected in the fact that they are 
treated here as convenient yardsticks rather 
than as realistic alternatives. 


VI. Conclusions 


'In the model presented here, the peculiar 
informational advantage of patents over 
prizes is that they incorporate in the alloca- 
tive process researchers’ information about 
the value of successful inventions, if such 
information is unavailable to the public re- 
search administrator. Both patents and prizes 
utilize private information about research 
costs, or the probability of success. However, 
information held exclusively by the public 
administration has no effect on the choice 
between all three options, optimally imple- 
mented. 

The informational advantages of the more 
decentralized research incentives do not nec- 
essarily translate into an allocative ad- 
vantage. Though the existence of exclusively 
private information is necessary to render 
patents and prizes superior to contracts, it is 
by no means sufficient, because of the com- 
mon pool problem. Even if the value of 
patents and prizes can be adjüsted by a 
fraction that is optimal ex ante, such reduc- 
tion does not eliminate the effects of this 


“Awards of £10,000, £15,000, and £20,000 were 
offered by the British Board of Longitude in 1713 for a 
chronometer which measured longitude to within 60, 40, 
and 30 minutes, respectively. John Harrison claimed the 
£20,000 reward in 1762, and full payment was com- 
pleted by 1773 (Encyclopaedia Britannica, 1929, Vol. 11, 
p. 220). In 1795 a prize of 12,000 francs was offered by 
Napoleon’s Society for the Encouragement of Industry 
for a method. of food preservation useable by the mili- 
tary forces, It was awarded in 1810 to Nicolas Appert 
for a method of food canning using heat treatment of 
food in sealed champagne bottles (William Harris and 
Judith Levey, 1975, p. 127; James Burke, 1978, p. 234). 
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problem in prizes and patents, as it does in 
previous analytical models where all agents 
have identical information. When this prob- 
lem is recognized, the paradoxical result can 
emerge that contracts, the centralized alter- 
native, are more likely to be the best choice if 
researchers are highly responsive to incen- 
tives than if they are less responsive! If con- 
tracts dominate prizes, then patents are the 
worst choice of all in the model presented 
here. If contracts are inferior, the incentive 
choice, for a patentable invention, rests on 
the tradeoff between the excess burden of 
the patent system and its informational ad- 
vantage over prizes. 

More specific conclusions about the choice 
of incentive depend on the nature of the 
search process, and just one of many plausi- 
ble models is analyzed in Section IV. Future 
studies could investigate alternative search 
processes and relaxation of the assumptions 
of a discrete goal of research, fully competi- 
tive researcher supply, risk neutrality, and 
the homogeneity of researcher attributes. As 
a prelude to such further investigation, this 
paper suggests that the range of situations in 
which a practical patent system dominates 
other feasible alternatives may be narrower 
than is commonly believed, while the relative 
advantages of contractual research and of 
prizes may well have been undervalued. 


APPENDIX: DERIVATION OF THE EXPECTED 
NET SOCIAL GAIN FROM CHOOSING 
THE PATENT OPTION 


If the patent instrument with conditional 
award probability Y is adopted in the model 
of Section II in which multiplicative stochas- 
tic shifters ý and 0 are introduced, the dif- 
ference in the incentive from equation (3), 
which refers to the model of Section I, is 


[Y8(1- £)(1 - L/B) Pm^! - Y,BPm;']. 
Denote a first-order approximation to this 
expression, evaluated at m = mo, Y 2 Y, (= 
L=0, by AJ, 


(A1) AT = Yu P'(n, (n — m) 


BP LY, BP 
ne (t-g) t-n). 
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Research firms’ responses,. which determine 
m, are based on their knowledge. of the sto- 
chastic terms and the announced. value of Y. 
In.equilibrium, the number of. active firms, 
each producing. one unit of research, is 
(A2) m- m, 6, Y). 
Relative to the equilibrium of Section I, the 
equilibrium change in its marginal and aver- 
age cost c,(1, m, 0) perceived by any individ- 
ual research firm equals the change in in- 
dustry marginal cost C,(m, 0). A first-order 
approximation to this expression, evaluated 
at m = my, Y = Y,, 0 = 0, is 
(A3) AC, = 46 + b(m- mo), 
where:a s C'(my), b= C"(mg). 

Definition of my as the equilibrium level 
of m when L, § and 6 are- all fixed at zero 
implies. that : 


(A4) a= B: P'(m,). 


Equating (AT) to (A3) and using (A2), 
(A5) m(5,6,Y)-mo - 


= | -— L (y, BP + Y,PL 
Mo 23 


-aP(r-x))|/ W, 
where D DE 


(a6) 3 


my, —-—Yy—-—b. 
W mp B 0 
The administrator sets the fraction Y so as to 
maximize expected ‘net social benefits, given 
that the patent system is chosen. Throughout 
the analysis that follows the second-order 


conditions of maximization are assumed to 


be satisfied, and corner solutions are ruled 
out. Under these conditions, the first-order 
condition for maximization of net social ben- 
efits expected by the administrator i is 


E,(+$)- L/B) l 
. x [a+ Bf(m(£, 6, Y) mj] ] 
—(12-6)[a — b(m(£,0, Y) - m)]) - 0 


(A7) 
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where Eç denotes the expectation of the 
Bovernment administrator conditional on his 
information in time 0, and f = P"(mj). Sub- 
stituting (A5) in (A7) using (A4), 
(A8) —-BP(y-¥,) 

: mo 


4 


E DuC nis YP B?fmg 1 — abo? 
(B-L)f-b 
YPL 
+=, 
mo 


Substituting (A8) in (A5) and using equation 
(4), and discarding terms of smaller order 
than o? and o2, 


(A9) m(t,0,Y)- m, 


iste adl o? Bf + bog 
COMES 8a 
ab 
(B- L)f-b 


The expected cost of the patent distortion is 
E,[P-Y-L]. The net differential social gain 
expected by the administrator from choosing 
the limited patent instrument in time 0 rather 
than directly ta for" cim 
G( patent) is 


(A10) G(patent) 
- [a [alm 8, 0) m) 
&P (m(t, 0, Y)- m] | 

| 2 Goal drm) 

"Nena Yzma] rra]; 


Substituting (A9) and (A6) in (A10) and 


706 THE AMERICAN ECONOMIC REVIEW 


discarding terms of smaller order than og 
and og, 


og + oj 


(ie) 


(All) G( patent) = am, 


1 

——h 

i (MP) 
x ]- —— 


(s - a(4P)} 


where n=a/bm,2>0 is the elasticity of 
supply of research activity at mg, and 
h(MP) — bfmy/a and h(AP)=am,/P —1 
are the elasticities of the marginal and aver- 
age probabilities of success, respectively. Re- 
arranged, (A11) becomes equation (9) in the 
text. 
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Structural/Frictional vs. Deficient Demand Unemployment: - 
Some New Evidence 


By KATHARINE G. ABRAHAM* 


Macroeconomic policymakers devote a 
substantial fraction of their effort to combat- 
ing unemployment. One fact that has per- 
haps not been sufficiently recognized is that 
the magnitude of our country’s job vacancy 
rate greatly conditions the optimal strategy 
in this arena. The potential efficacy of micro- 
economic labor market policies designed to 
facilitate matching people with already exist- 
ing jobs versus that of aggregate policies 
designed to create new jobs depends criti- 
cally on the extent to which unemployment 
is attributable to frictional or structural 
problems as opposed to deficient demand; 
this can only be gauged with information 
both on those seeking work and on the avail- 
ability of unfilled jobs. 

Except during periods of deep recession 
such as were experienced in 1971-72 and 
1974—75, there have always been those who 
asserted that the number of vacant jobs was 
large relative to the number of persons seek- 
ing work. During the middle 1960's, Arthur 
Burns apparently believed it to be possible 
that the number of vacant jobs actually ex- 
ceeded the number of unemployed persons. 
A Wall Street Journal editorial which ap- 
peared late in that decade lamented that 
there had been little official recognition of 
the fact that a large part of the problem is 
simply matching jobless men with available 
jobs. A similar point of view is implicit in 
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another Wall Street Journal assessment of 
the then-current unemployment problem 
written in June 1973 which concluded that 
"most [of the 4,300,000 unemployed] were 
probably out of work either by their own 
choosing or for reasons that have little to do 
with total economic growth." Spokesmen for 
the Reagan Administration have repeatedly 
stressed the availability. of jobs, even as the 
unemployment rate has climbed to a new 
postwar high. President Reagan commented 
at a March 1981 meeting with members of 
Congress: that his newspapers contained 
many pages of help wanted advertising and 
suggested that the unemployment problem 
might reflect programs which encourage peo- 
ple to delay taking jobs rather than a scarcity 
of employment opportunities; at a January 
1983 press conference, he argued that the 
help wanted advertisements revealed em- 
ployers to be “desperate” for skilled workers, 
So that training programs might offer a rea- 
sonable response to the unemployment situa- 
tion.! Whether the beliefs which underlie such 
statements are in fact correctly held has ex- 
tremely important implications for the selec- 
tion of an unemployment policy. This article 
assesses their validity. 

Section I briefly discusses efforts made 
during the 1960’s and 1970’s to collect infor- 
mation on the number of unfilled job open- 
ings in the United States and Canada, then 
brings these vacancy data together with ap- 
propriate unemployment data. Even after 
very generous allowances are made for 
sources of downward bias in the vacancy 
rates, and the unemployment rates have been 
redefined to exclude persons. already at- 
tached to an employer (those on temporary 
layoff and those due to start a job within 30 
days), comparison of the two rates suggests 


'See The Wall Street Journal (1965, 1969, 1973) and 
The New York Times (1981, 1983). ' 
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that the number of persons seeking work has 
typically been much larger than the number 
of vacant jobs. Section II takes an alternative 
approach to estimating the relationship be- 
tween the number of persons.seeking work 
and the availability of unfilled job openings. 
Information on job vacancy durations is 
combined with information on the new hire 
rate to produce independent estimates of the 
vacancy rate, which are then compared with 
the relevant unemployment rates. It is reas- 
suring that the conclusions reached via this 
alternative route to making unemployment 
versus vacancy comparisons are highly con- 
sistent with those reached in Section I. The 
final section offers a summary of the paper’s 
central findings and some concluding 
thoughts. 


I. Estimates of the Unemployment-to- 
Vacancy Ratio 


Employers in the United States and 
Canada have provided usable job vacancy 
data in connection with six pilot projects and 
longer-term survey efforts since the mid- 
1960's. These sources of vacancy data can 
be used to estimate the unemployment-to- 
vacancy ratio associated with different un- 
employment rate levels. However, the devel- 
opment of meaningful figures requires both 
that the published vacancy numbers be ad- 
justed for possible downward bias (some 
available jobs may not be counted) and that 
the unemployment numbers they are com- 
pared with be adjusted for possible upward 


bias (some of those counted as unemployed — 


may not truly want work). 
A. Vacancy Rate Data 


What do we mean by a job vacancy? At a 
conceptual level, a job vacancy represents 
unsatisfied labor demand. The wage rate ob- 
viously plays an important role here. If wages 
were low enough, employers would want to 
hire an indefinitely large number of workers. 
Employers who are asked how many jobs 
they have vacant will reply based on their 
beliefs about the wages they will have to pay. 
Implicitly, then, any job vacancy rate will 
reflect the number of currently unfilled job 
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"openings at what employers perceive to be 


the market wage rate. The vacancy rate is 
thus analogous to the unemployment rate, 
insofar as any individual's decision to be in 
or out of the labor force will reflect his or her 
wage expectations. - 

At an.operational level, the measurement 
of job vacancies requires that employers 
be given clear instructions regarding what 
should and what should not be reported on 
the survey forms. All of the data collection 
efforts discussed in this paper defined a job 
vacancy in almost idéntical fashion:? 


Job vacancies are defined as current, 
unfilled job openings in your establish- 
ment which are immediately available 
for occupancy by workers from outside 
your firm and for which your firm is 
actively seeking such workers. Included 
are full-time, part-time, permanent, 
temporary, seasonal and short-term job 
openings. [p. 176] 


Pilot job vacancy projects conducted by: 
the Bureau of Employment Security (BES) 
and the Bureau of Labor Statistics (BLS) 
between the end of 1964 and April 1966 
produced the earliest usable job vacancy in- 
formation for the United States. Data were 
collected in fourteen or fifteen cities account- 
ing for approximately 25 percent of the na- 
tion's total employment on each of three 
survey occasions; only agriculture, private 
households, and the military were not cov- 
ered.? Based on this pilot project experience, 
it was decided that collection of vacancy 
data on an ongoing basis was feasible. From 
April 1969 through December 1973, job 
vacancy information for the U.S. manufac- 
turing sector was collected by BLS under 
their Job Openings and Labor | Turnover 
Survey (JOLTS) pxogram. Only members of 


?This wording came from Subcommittee on Eco- 
nomic Statistics (1966). : 

?Paul Harrington (undated) discusses these early pilot 
vacancy projects in considerable detail. Hearings on the 
pilot projects were held before the Subcommittee on 
Economic Statistics of the Joint Economic Committee 
of the U.S. Congress in May 1966; the published report 
on these hearings contains copies of the various survey 
forms that BES experimented with in addition to 
testimony from a number of individuals. 
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the panel of establishments already par- 
ticipating in the labor turnover data collec- 
tion effort were solicited for participation in 
. the JOLTS program; the original intention 
was to expand the panel to include a sub- 
stantial number of nonmanufacturing estab- 
lishments, but this goal was never attained.* 
When BLS discontinued funding for the job 
openings part of the JOLTS program, the 
states of Minnesota and Wisconsin chose to 
continue collecting job openings data on their 
own. These states were relatively successful 
in expanding coverage to nonmanufacturing 
sectors. Minnesota data for all sectors except 
agriculture, private households, railroads, 
construction, and the military are available 
‘from 1972 forward; Wisconsin data were 
produced for all sectors except agriculture, 
private households, and the military begin- 
ning in 1976.5 Interest in job vacancy data 


collection revived during the late 1970's. The: 


Congress appropriated money for a pilot job 
vacancy survey which ultimately yielded 
information for each of four cooperating 
states (Florida, Massachusetts, Texas, and 
Utah). This pilot study covered all major 
private nonagricultural sectors, excluding 
only private households, and produced job 
vacancy data once every three months from 
March 1979 through June 1980, when these 
experiments were discontinued. 

In Canada, pilot job vacancy data collec- 
tion efforts during the middle 1960's were 
followed by the launching of the full-scale 
Job Vacancy Survey (JVS) in 1970. A large 
random sample of establishments was 
selected for participation in the JVS. Be- 
cause of concern that no single respondent in 


^A description of the JOLTS program, including a 


copy of the survey form used, can be found in U.S. 
Department of Labor (1971, pp. 35-42). Paul Armknecht 
(1974) summarizes the results of the job openings part 
of the survey. 

5 Harrington (1978) discusses the Minnesota and Wis- 
consin JOLTS programs. Conversations with Richard 
Johnson of the Minnesota Department of Economic 
Security and Kenneth D. Siemers of the Wisconsin 
Department of Industry, Labor and Human Relations 
yielded additional information concerning those states’ 
vacancy data collection efforts. 

See U.S. Department of Labor (19812) for a detailed 
discussion of the BLS 1979—80 vacancy pilot project 
experience. 
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a large establishment would be able to give 
an accurate report on all current job open- 
ings, large establishments were broken into 
subunits on the basis of where hiring points 


‘were located and these subunits became the 


sampled entities. The survey was conducted 
in two phases: a mail phase; and a follow-up 
interview phase. The results of the interview 
phase were used to correct for systematic 
over- or underreporting on mail forms and 
for nonresponse bias. The JVS produced 
quarterly data for the entire Canadian non- 
agricultural economy, excluding only fishing 
and trapping, private households, and the 
military, from the start of 1971 through the 
end of 1978, when the program was discon- 
tinued.’ 

Data on job openings which cover a variety 
of time periods and geographic areas are 
thus available: 1) for selected U.S. cities, we . 
have data for each of three dates during the 
mid-1960's; 2) data for the U.S. manufactur- 
ing sector are available for the period from 
April 1969 through December 1973; 3) non- 
agricultural vacancy rates have been pro- 
duced in Minnesota since 1972; 4) nonagri- 
cultural vacancy rates have been produced in 
Wisconsin since 1976; 5) the recent BLS 
pilot program yielded 1979 and 1980 data 
covering four states; and 6) Canadian JVS 
data were generated from the start of 1971 
through the end of 1978. 


B. Correcting for Downward Bias in the 
Reported Vacancy Rate Data 


The primary potential sources of down- 
ward bias in the reported vacancy rates are 
listed in Table 1, along with a description of 
attempts to assess the likely importance of 
each bias and my reading of the evidence on 
each point.? The table underscores a number 


"For a review of the Canadian JVS experience, see 
Harrington and William Milligan, undated. Copies of 
the various survey forms employed can be found in 
Statistics Canada (1972). 

*Two concerns omitted from the enumeration in 
Table 1 are that inadequate record-keeping practices 
and/or the existence of multiple hiring points inside the 
firm might preclude the collection of accurate job 
vacancy statistics. The available evidence on these points, 
including the stated judgements of analysts who were 
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of important facts about efforts to measure 
the overall job vacancy rate. The most seri- 
ous problem with available vacancy rate 
estimates seems to be that the firms which 
supply vacancy information are not repre- 
sentative of the universe of potential respon- 
dents. Large units tend to have both higher 
survey response rates and lower vacancy rates 
than small units; if an unstratified vacancy 
rate estimator is employed (as in the JOLTS 
program), this combination leads to down- 
ward bias in the estimated vacancy rate. 
Furthermore, even among units of similar 
size, nonrespondents appear to have substan- 
tially higher vacancy rates than respondents. 
While dissimilarities between vacancy survey 
respondents and nonrespondents may indeed 
cause substantial bias in reported vacancy 
rate estimates, other often-cited potential 
problems with existing vacancy data appear 
to be less consequential than has been be- 
lieved. A particular concern has been that 
the vacancy concept used in collecting exist- 
ing data might exclude large numbers of 
potential employment opportunities. The 
available evidence implies that “discouraged 
vacancies” (jobs which employers would like 
to fill but have given up recruiting for) and 
hires of walk-in candidates without prior re- 
cruiting are in fact relatively rare. 
Combining the effects of all the possible 
sources of downward bias in Table 1 pro- 
duced approximately the following aggregate 
correction factors for the various vacancy 
surveys: BES/BLS 1964-66 pilot projects, 
1.70; U.S. JOLTS program, 2.11; Minnesota 
JOLTS program, 2.17; Wisconsin JOLTS 


program, 2.14; BLS 1979—80 pilot projects, - 


1.73; and Canadian JVS program, 1.33.? 





intimately involved with various vacancy survey efforts, 
lead me to conclude that these two factors should not 
cause serious reporting problems. For a fuller discussion 
of these issues, see my 1982 dissertation (pp. 33—35). 

°The formula used for calculating the aggregate cor- 
rection factors was CF, =T; (1-- p;;), where CF, is the 
aggregate correction factor for survey j and p;, is the 
proportional understatement which bias i might rea- 
sonably have caused in the survey j vacancy estimates 
(from Table 1). This calculation assumes that the vari- 
ous sources of bias are independent. 
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Applying these correction factors to the 
raw vacancy rates from each source very 
likely leads to overstating the true level of 
job availability in the sectors covered by the 
various surveys. For one thing, fairly gener- 
ous allowance was made for the impact of 
each possible source of downward bias in the 
reported vacancy estimates. In addition, no 
consideration was given to possible sources 
of overstatement in the raw figures. For ex- 
ample, some jobs with future starting dates 
were likely counted as currently available 
and some of the positions listed as vacant 
were likely offered at a below-market wage. 

Another important concern is whether the 
vacancy rate in the sectors covered by the 
various surveys is comparable to the rate in 
the excluded sectors. If there were reason to 
believe that the rate in the uncovered sectors 
exceeded the rate in the covered sectors, then 
even the corrected-for-downward-bias fig- 
ures just discussed might understate the true 
overall vacancy rate. Assume that the in- 
flated vacancy rate estimates just created 
accurately reflect the availability of jobs in 
the covered sectors: 


(1) — VR,-[V,/(V, * E,)]x100, 


where VR, represents the vacancy rate in the 
covered sectors, V. represents the number of 
jobs vacant in the covered sectors and E, 
represents employment im those same sec- 
tors. For the purpose of what follows, the 
relevant vacancy rate is equal to , 


(2) VR = [V/(¥ + E)] x100, 


where VR represents the economywide 
vacancy rate, V represents the total number 
of vacancies in the economy, and E repre- 
sents total employment in the economy. As 
discussed above, all of the vacancy data col- 
lection efforts other than the national JOLTS 


My understanding is that the. AFL-CIO has op- 
posed the collection of aggregate vacancy data. This 
opposition may stem from fear that a large number of 
jobs paying below-market wages would be counted, 
which might lead policymakers to place too little em- 
phasis on job creation; see, for example, Marvin Fried- 
man (1966). 
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TABLE 1 — POSSIBLE SOURCES OF DOWNWARD BIAS IN AVAILABLE VACANCY RATE ESTIMATES 


Source of Downward Bias in 
Reported Vacancy Rate and 
Corrections Applied 


1) Mail solicitations may not 
elicit-as careful a response as inter- 
view solicitations. Firms may omit 
some vacancies from a mail form 
because they fear employment ser- 
vice referrals, because they don’t 
understand that all occupations are 
supposed to be covered, or because 
giving an incomplete listing is easier 
than filling out the form correctly. 

All the U.S. vacancy estimates 
were inflated by 10 percent to cor- 
rect for ‘this problem. The JVS 
estimates are already corrected for 
interview vs. mail bias. 


2) Nonresponse bias may be a 
problem if cooperating firms are 
not representative of the universe. 

It was assumed that nonrespon- 
dents had a vacancy rate 35 per- 
cent higher than respondents. This 
led to inflating the BES/BLS 
1964-66 pilot project vacancy 
estimates by 11 percent; the U.S. 
JOLTS estimates by 19 percent; 
the Minnesota JOLTS estimates by 
23 percent; the Wisconsin JOLTS 
estimates by 21 percent; and the 
BLS 1979-80 pilot project esti- 


mates by 12 percent. The variation — 


in the correction factors reflects 
variation in response rates, with 
larger corrections made where re- 
sponse rates were lower. The JVS 
estimates are already corrected for 
nonresponse bias, 


3) Overrepresentation of large 
firms and underrepresentation of 
small firms in the reporting sample 
may cause an underestimate of the 
vacancy rate. 


The JOLTS vacancy estimates l 


were inflated by 15 percent to cor- 
rect for this problem. All the other 
figures are based òn stratified 
estimators. 


Evidence on Magnitude of Downward Bias 


Response analysis interviews were conducted in several cities following the 
second and third rounds of the mid-1960's BES/BLS pilots. The vacancy rate 
estimates which incorporated this interview information were 3-4 percent 
higher than those based on mail responses alone. (Harrington, undated, pp. 
53 and 85.) 

Response analysis interviews were conducted at a total of 80 establish- 
ments following the first round of 1979-80 BLS pilots. Comparisons of the 
vacancy rates obtained from the interviews against those obtained from the 
original mail forms were reported only for selected subsets of the sample. The 
interview-based vacancy rates ranged from 10 percent lower to 32 percent 
higher than the mail-based vacancy rates. (U.S. Department of Labor, 1981a, 
ch. 3) 

A 1966 Canadian pilot project produced vacancy estimates based on 
interviews with 162 firms in Windsor and Cornwall that were 70 percent 
higher than those based on mail responses from the same firms. (Dominion 
Bureau of Statistics, Part IH, 1966.) 

Calculations based on the very large. amount of JVS microdata from the 
six survey occasions during February, March, arid April, 1976, showed that 
correcting for net differences in interview as compared to mail responses 
increased the number of vacancies by an average of less than 10 percent. 


The response analysis interviews which followed the first round of mid- 

1960’s BES/BLS pilots produced a nonrespondent vacancy rate 35, percent 
higher than the respondent vacancy rate. (Harrington, undated, p. 53.) 
_ Interviews conducted as part of a 1966 Canadian pilot project produced a 
nonrespondent vacancy rate 120 percent higher than the respondent vacancy 
rate. However, the nonrespondents were disproportionately very small firms; 
possible bias due to underrepresentation of small firms is dealt with sep- 
arately below. (Dominion Bureau of Statistics, Part III.) 

Calculations based on the very large amount of JVS microdata for the six . 
survey occasions during February, March, and April, 1976, showed that 
correcting for nonresponse bias increased the estimated number of vacancies 
by an average of 8 percent. Under the assumption that respondents and 
nonrespondents are the same in average size, this implies a nonrespondent 
vacancy rate 20 percent higher-than the respondent vacancy rate. In fact, 
large firms have somewhat higher response rates than small firms, so that the 
true difference between nonrespondent and respondents’ vacancy rates is 
somewhat greater than 20 percent. . 


According to unpublished tabulations supplied by-Carol Utter of BLS, the 
U.S. manufacturing new hire rate estimated for March 1977 was 12 percent 
higher when recalculated to reflect stratification by 8 firm size groups. The 
bias in vacancy rates based on an unstratified estimator should be similar to 
the bias in: new hire rates based on an unstratified estimator so long as the 
average duration of job openings is similar for small and large firms. 
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TABLE 1 — CONTINUED 








4) Firms just being born will 
not be represented in the sampling 
frame. A priori, one might expect 
such firms to have very high 
vacancy rates. , 

All the available vacancy esti- 
mates were inflated by 5 percent to 
correct for this problem. 


5) Particularly in professional 
occupations, hiring may occur 
without any preceding active re- 
cruitment. 

All the available vacancy esti- 
mates were inflated by 10 percent 
to correct for this problem. 


6) There may be “discouraged 
vacancies” which employers would 
like to fill, but for which they have 
given up recruiting. 

All the available vacancy esti- 
mates were inflated by 10 percent 
to correct for this problem. 


7) Vacancy rates may be higher 
in the middle of the month, when 
the unemployment’ rate is mea- 
sured, than at the end of the month. 

To correct for this problem, the 
JVS vacancy estimates were in- 
flated by 5 percent and the U.S. 
vacancy estimates were inflated by 
10 percent. : 


Between March of 1976 and 1977, universe employment grew faster than 
employment of firms in the labor turnover survey panel. Unpublished tabula- 
tions supplied by Carol Utter of BLS show that adjusting for firm births 


‘using the assumption that the omission of new firms from the panel caused 


this discrepancy raises the estimated March 1977 new hire rates by 4 percent. 
The downward bias in estimated new hire rates will equal the downward bias 
in comparably estimated vacancy rates if the average duration of job open- 
ings is the same at new and old firms. 

Calculations based on Canadian new hire and employment data suggest 
that missing new firms might lead to an understatement of 2.5 percent in the 
estimated vacancy rate. (David Gower, 1970a.) 


. Approximately 200 employers in Massachusetts and Utah kept vacancy 
diaries during the month of March 1980. Of 1134 persons hired by these 
employers, no more than 28 were walk-ins. (U.S. Department of Labor, 
1981a, ch. 5.) 


As a part of the BLS 1979-80 pilot project, employers in Florida and 
Texas were asked to report both positions for which they were currently 
recruiting and positions which they had given up trying to fill. Adding in the 
discouraged vacancies increased the estimated vacancy rate by an average of 
3 percent in Florida and by an average of 6 percent in Texas. (U.S. 
Department of Labor, 1981a, Appendix A.) 


During the first 9 months of JVS data collection (from the end of January 
through mid-October of 1970), the end-of-month and midmonth vacancy 
estimates exhibited a clear sawtooth pattern, with the end-of-month figures 
averaging roughly 9 percent lower than the midmonth figures. (Gower, 
1970b.) 





program were fairly inclusive in their cover- 
age, with the important exception that none 
of the surveys made any effort to cover the 
self-employed.!! From the point of view of 


"Data from the Current Population Survey (CPS) 
imply that the share of total employment accounted for 
by the self-employed and unpaid family workers aver- 
aged 9.6 percent between January 1970 and December 
1980. By comparison, agricultural wage and salary 
workers accounted for an average of only 1.5 percent 
and private household workers for an average of only 
17 percent of total employment. See U.S. Department 
of Labor (1981b, p. 156). 


designing a vacancy survey, this exclusion 
seems quite reasonable, insofar as it is un- 
clear that self-employment vacancy is even a 
meaningful concept. However, by assuming 
that the vacancy rate in the covered sectors 
equals the vacancy rate in the excluded sec- 
tors, one is implicitly imputing the existence 
of a substantial number of self-employment 
vacancies and thereby most likely exaggerat- 
ing the true overall vacancy rate. For the 
U.S. JOLTS program, the relevant question 
is whether the manufacturing sector vacancy 
rate typically exceeds or falls below the 
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vacancy rate in other sectors. In the other 
available data sources, the reported manu- 
facturing sector vacancy rate tended to be 
higher than the rate for the nonmanufactur- 
ing sector, sometimes substantially so.!? As- 
suming that the parts of the economy covered 
by and excluded from the U.S. JOLTS pro- 
gram have equal vacancy rates thus may well 
lead to overstating the overall vacancy rate 
for that time period. 


C. Unemployment Rate Data 


Before the adjusted vacancy rate estimates 
just described could be used for the purpose 
at hand, it was necessary to obtain unem- 
ployment rate estimates for the geographic 
areas and time periods covered by the vari- 
ous vacancy surveys. The only SMSA unem- 
ployment rates available to be matched with 
the 1964-66 BES/BLS pilot project vacancy 
data were monthly figures produced using 
the BLS “handbook” or “70 step" method. 
Overall national unemployment rates were 
used in conjunction with the national JOLTS 
data. The BLS supplied monthly unemploy- 
ment rates based on the Current Population 
Survey (CPS) covering the period from 1970 
to the present for the states of Minnesota, 
Wisconsin, Florida, Massachusetts, Texas, 
and Utah; these rates were matched with the 
Minnesota and Wisconsin JOLTS vacancy 
data and with the new BLS pilot project 
vacancy data. Finally, unemployment rate 
data based on the monthly Canadian Labor 
Force Survey, a household survey similar to 
the CPS, were obtained for the quarters 
covered by the Canadian JVS. 

All of the available unemployment rate 
figures are based on the standard definition: 


(3) UR = [U/(U + E)] x100, 


where UR represents the overall unemploy- 


Only the Wisconsin JOLTS program produced 
estimated vacancy rates for manufacturing which aver- 
aged below the relevant estimated overall vacancy rates. 
In the data produced by the BES/BLS 1964—66 pilots, 
the Minnesota JOLTS, the BLS 1979—80 pilots, and the 
Canadian JVS, the estimated manufacturing vacancy 
rates averaged above the estimated overall vacancy rates. 
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ment rate, U represents number unemployed, 
including persons without work during the 
entire survey reference week who 1) would 
like a job and have actively searched for one 
within the past four weeks, 2) are on tem- 
porary layoff, or 3) are due to start a new job 
within 30 days, and E represents total em- 
ployment in the economy. The unemploy- 
ment numbers undoubtedly miss some peo- 
ple without a job who would like work, since 
they exclude anyone who has become con- 
vinced that no work is available and has for 
that reason given up active job search. Dur- 
ing the period from the beginning of 1970 
through the end of 1980, the number of 
discouraged workers (defined as persons who 
say they would like to work but have not 
searched within the past four weeks because 
they are convinced they will be unable to 
find a job) averaged almost 15 percent as 
large as the pool of persons officially counted 
as unemployed.? Furthermore, to have been 
counted as a vacancy, a job need only have 
been available on a single day, whereas to be 
counted as unemployed a person must have 
been out of work during an entire week. The 
unemployment rate would be at least some- 
what higher if it were based on a one-day 
rather than a one-week reference period. 


D. Vacancy Rates Associated with 
Different Unemployment Rates 


Table 2 reports the estimated corrected- 
for-bias vacancy rates associated with vari- 
ous levels of the unemployment rate. Two 
things seem noteworthy about the numbers 
which are presented. First, the estimated 
vacancy rates are surprisingly low. Except 
for the figures based on the BLS 1979-80 
pilot project data, the vacancy rate estimates 
in the cells for unemployment rate levels 
above 5.0 percent all imply the existence of 
three or more unemployed people for every 
vacant job. The BLS 1979-80 pilot project 
data indicate that number of vacancies ap- 
proximately equaled number unemployed for 
unemployment rates between 3.6 and 4.0 


P Sec U.S. Department of Labor (1981b, pp. 119 and 
142). 
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TABLE 2 -ESTIMATES OF THE VACANCY RATE AT r VARIOUS UNEMPLOYMENT RATE LEVELS 
: BES/BLS US. Minnesota: Wisconsin BLS Canadian 
- 1964-66 JOLTS JOLTS . JOLTS 1979-80 JVS 
Unemployment. Pilot Projects- : Program Program Program Pilot Projects Program 
Rate Oct..1964— Apr. 1969— Jan. 1972- Jan. 1976— Mar. 1979— Jan. 1971- 
Range Apr. 1966 Dec. 1973 Dec. 1979 Dec. 1979 June 1980 Dec. 1978 
1.6-2.0 3.3 (N = 3) - - - - - 
21-25 _ 3.8 (N = 5) - - - - - 
2.6-30 - 2.6 (N = 9) 3.0(N=) 3.0 (N = 2) - -, - 
,3.1-3.5 2.1 (N =8) 2.5 (N = 5) 2.8 (N = 12) - . - - 
3.6-40 19(N—3) 2.8(N = 2) 2.4 (N =17) 2.1(N = 4) 3.8(N=4) - 
4.1-4.5 2.0 (N =5) 1.9 (N = 8) 2.4(N=1)) 1.8 (N = 12) 22(N-1) 
4.6-5.0 22(N^4) 19(N=9) 2. (N «17) L8(N = 12) 4.2(N=4) 19(N- 2) 
. 5.15.5 1.5(N=1) LA(N-715 | 1.7(N=16) L6(N-—8) 3.5(N=5) ^ 14(N=5) * 
5.6-6.0 1.6 (N= 2) 1.2(N=8) 1.8(N =8) 1.7(N=4) 4.3 (N =3) 12(N=2) 
6.1-6.5 1.2(N —2) Li(N=7) 14(N=5) 1.5 (N=5) 3.5(N=4) 1.1(N=5) 
6.6-7.0 , =- . 0.8(N=2) 1.4(N=5) 1.7 (N =1) 3.3 (N =3) 0.9 (N= 7 
7.1-7.5 - - 1.6 (N = 2) 13 (N 1) - 0.5 (N.—- 1) 
7.6-8.0 - - 1 3(N—1) 1 3(N 1) - 0.8 (N= 
8.1-8.5 - - i - - - oma 
8.6-9.0 - - - - - 0.7 (N —2) 
^ 9.1-9.5 - - - - - 05(N-1). 


Sources: The available ` vacancy rate data.and my corrections to the raw numbers are described i in the text. The six sets 
of unadjusted vacancy rate figures were táken from the following places: Harrington (undated); Employment and 
Earnings; unpublished JOLTS tabulations for Minnesota and Wisconsin; U.S. Department of Labor (19812); and 
Statistics Canada (1979). The matching unemployment rate data came from : Harrington (undated); ‘unpublished CPS 


tabulations; and Statistics Canada (1980). None of the data used were seasonally adjusted. 


` percent; all of the other sets of vacancy rate 
estimates suggest that the number of avail- 
able jobs.has equaled or exceeded the num- 
ber of unemployed persons only -when the 
unemployment rate has fallen below 3 per- 
cent. Second, except in the column contain- 


ing data for the BLS 1979-80 pilot-projects,- . 
there. appears to be à.very strong negative - 


relationship between the vacancy:rate and 
the .unemployment.rate; that is, when the 
unemployment rate is high, the vacancy rate 
tends to be low, and vice versa. This inverse 
relationship has been labeled the Beveridge 
curvé by other authors. The exact position of 
the Beveridge. curve will depend: upon the 
structure of labor market institutions, partic- 
ularly those which operate to match workers 
with jobs, and on the degree to which 
workers’ skills: are compatible with job re- 
quirements. ^ 


V Bent Hansen (1970) develops a model of the labor 
market which implies that one should expect an inverse 
relationship between the vacancy rate and the unem- 


yor 


E. The Unemployment-to-Vacancy Ratio . 


Given data on, the vacancy rate and the 
unemployment rate, one can calculate: the 
unemployment-to-vacancy ratio: 

(4)  U/V-[UR/(100-UR)) ^ ` 
/LVR /(100— VR)]; 


where U equals number, unemployed, V 
equals number of vacancies, UR is. the unem- 
ployment rate; and VR is thé vacancy rate. 
The unemployment rate and vacancy. rate 


Observations for each survey were used to 


calculate the mean unemployment-to- 


' ployment rate. My dissertation (ch. 2) presents evidence 


that the U.S., Beveridge curve shifted outwards ‘during 
the 1970’s. There may also be regional differences in the 
position of the Beveridge curve. Because the relationship 
between the vacancy rate and the. unemployment rate is 
not fixed, all inferences.drawn in this paper regarding 
specific numbers are restricted to the time periods and 
areas covered by the relevant data. 
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TABLE 3— UNEMPLOYMENT VS. VACANCY AND J OB. SEEKER VS. VACANCY ESTIMATES 








BES/BIS , US. Minnesota Wisconsin “BLS Canadian 
T 1964-66 JOLTS JOLTS JOLTS 1979-80 JYS 
Pilot-Projects Program Program Program Pilot Projécts Program 
Oct. 1964- Apr. 1969- Jan. 1972- Jan. 1976- Mar. 1979~ Jan. 1971- 
. Apr. 1966 Dec. 1973 Dec. 1979 “Dec. 1979 ` June 1980 Dec. 1978 
Calculations Based Directly - 
on Survey Data: 
Mean unemployment rate 3.6 5.0 48 5.0 .$3 6.7 
Mean vacancy rate 2.4 1.6 2.1 1.7 3.7 1.0 
Mean unemployment-vacancy ratio 19 ^ 39 2.7 32" 1.6 8.4 
Mean job seeker-vacancy ratio 1.5 r 383 2.2 2.6 13 6.8 
Calculations using U.S. Unemployment 
Rates for Period Spanned by Survey: i 
Mean unemployment rate: 4.5 5.0 6.4 6.6 6.2 6.4 
Mean vacancy rate: . 
VRon UR model ^ 20 1.6 14 3.7 11 
In VR on'InUR model i 1.8 1.6 1.5 1.5 3.5 11 
1/VR on 1/UR model- L8 13 1.5 3.3 12 
Mean Unemployment-Vacancy Ratio: 
. VRon.UR model 24 3.8 5.9 5.0 1.7 7.5 
> InVR oninUR model 26. 3.8 46 49 1.8 73 
“1/VR on1/UR model 2.6. 39 44 48 19 74 
Mean Job Seeker-Vacancy Ratio: 
VR on UR model 20 3.1 48 43 14 6.1 
In VR on In UR model 24 3.1 3.8 4.1 L5 6.0 
1/VR on 1/UR model 2.2 3.2 3.6 4.1 1.6 6.1 
Implied Unemployment Rate at Which ‘ 
‘Vacancies Equal Unemployment: LE i R : 
: VR on UR model 2.8 28: 2.8 22 . 3.8 22 , 
, In VR on InUR model i 27 . 3.1 3.0 25" 3.7 32 |, 
1/ VR on 1/UR model on 2.5 33 3.1 2.8 33 43" 
Implied Unemployment Rate at Which : ] 
Vacancies Equal Job Seekers: i 3 
VR on UR model 33 33 3.4 2.9 45 29 
In VR.on InUR model 32 3.4 3.4 3.1 4.4 3.5 
1/VR on 1/UR model 3.0 3.5 3.4 3.2 27 43 44 





Vacancy ratio for the relevant areas and time 
periods; these figures are teported in the top 
panel of Table 3.'°Even though the ratios 
presented are based on unemployment rate 
numbers that exclude some persons who 
would like to work and vacancy rate num- 
bers that very likely exaggerate the true over- 
all availability of jobs, the estimated mean 
unemployment-to-vacancy ratios are con- 
sistently much greater than one. 

Since the unemployment rates in the areas 
covered by the available vacancy survey data 
have tended to be below those for the United 
States-as a whole, it also seemed of interest 
to ask what the unemployment-to-vacancy 
ratio would have been in these areas had the 

‘unemployment, rate followed the same path 
as was observed for The entire Ganed, States. 


!5Table 3 contains both ER NETE vs. vacancy 
comparisons aùd job seeker vs. vacancy comparisons; 
the job.seeker figures are discussed in the next two 
subsections of the text. . 


Given the apparent inverse relationship be- 
tween the vacancy rate and the`unemploy- 
ment rate, one would expect a larger number 
of unemployed persons per vacant job“ at 


"higher. unemployment rates. The first step 


towards addressing this question was to sum- . 
marize the vacancy. rate/unemployment rate . 
relationship for each of: the six available 
sources of data. Because no. particular func- 
tional form was. an obvious choice on a 
priori grounds, ‘three sets of Beveridge curve 
regressions were estimated; VR as a. linear 
function of UR; In VR as a linear function of 
InUR; and 1/VR as.a linear: function of 
1/UR: Except for' those using the BLS 
1979-80 pilot project data, all of the esti- 
mated models fit the data quite well.'* Given 


E 


"Excluding those based on the BLS 1979-80 pilot 
project data, the R?s for the VR on UR models averaged 
45; for the InVR on InUR models; they.averaged .48; 
and for the 1/VR on 1/UR models, they:averaged .44. 
The R?s for the BLS 1979-80 pilot project models were 
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an unemployment rate, the parameter esti- 
mates from any of these equations can be 
manipulated to yield an associated vacancy 
rate. The monthly U.S. unemployment rates 
for the period spanned by each survey were 
introduced into the Beveridge curve equa- 
tions to get estimated vacancy rate values; 
the means of these unemployment rate and 
vacancy rate values are reported in the sec- 
ond panel of Table 3. Vacancy-to-unemploy- 
ment ratios were then calculated using the 
actual monthly U.S. unemployment rates and 
'the associated predicted vacancy rate values, 
and an average of these ratios was taken; 
these averages are also reported in the sec- 
ond panel of Table 3. The calculations imply 
that the vacancy-to-unemployment ratio 
would have averaged about 2.5 in the BES/ 
BLS pilot project cities between October 1964 
and April 1966 had those cities unemploy- 
ment rates moved with the U.S. unemploy- 
ment rate, which averaged 4.5 percent over 
this period. The U.S. unemployment rate 
averaged 5.0 percent between April 1969 and 
December 1973; the U.S. JOLTS regressions 
imply that on average over this period there 
were almost 4.0 unemployed persons for ev- 
ery vacant job. The Minnesota JOLTS mod- 
els, the Wisconsin JOLTS models, and the 
Canadian JVS models all imply that had 
these areas! unemployment rates paralleled 
the U.S. unemployment rate (which averaged 
roughly 6.5 percent over each of the relevant 
time periods), the average unemployment- 
to-vacancy ratio over the period covered by 
the relevant survey would have been roughly 
5.0 or greater. While the BLS 1979-80 pilot 
project data suggest a much lower average 
unemployment-to-vacancy ratio than any of 
the other survey data, even that average is 
above 1.5. 

How low would the unemployment rate 
have had to fall for the number of vacancies 
to equal the number of unemployed persons? 
Excluding the BLS 1979-80 numbers, the 
average. implied by the estimated Beveridge 
curve regressions is 2.9 percent. Only the 


all below .02. Lack of consistency in the data collection 
procedures employed in this pilot project effort may at 
least partially explain the poor fits. 
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regressions based on the BLS 1979-80 data 
consistently imply any higher unemployment 
rate and even those regressions suggest the 
unemployment rate would have to fall below 
4 percent before the number of available 
jobs would equal the number of unemployed 
persons." 


F. Adjusting for the Inclusion of Persons 
not Seeking Jobs in the Unemployment 
Rate Data 


The conclusions reached thus far might be 
criticized on the grounds that the definition 
of unemployment is not symmetric with the . 
definition of a job vacancy. In particular, 
jobs which are to be filled by recall from 
temporary layoff are not counted as vacan- 
cies, whereas persons who have been tempor- 
arily laid off are counted as unemployed. 
More fundamentally, it could be argued that 
we ought to'be interested in the job seeker- 
to-vacancy ratio rather than in the unemploy- 
ment-to-vacancy ratio. 

The BLS tabulates number of job seekers 
for the United States as a whole, where the 
number of job seekers is defined as total 
number unemployed minus number on tem- 
porary layoff minus number due to start jobs 
within 30 days. These. data are reported 
monthly; from January 1970 through De- 
cember 1980, the number of job seekers thus 
defined averaged 83 percent as large as the 
number of unemployed persons.'* The BLS 
job seeker figures very likely understate the 
actual number of persons who are looking 
for work since they exclude everyone on 
temporary layoff. Available evidence strongly 
indicates that many in this excluded group 


“Any conclusions based on the BLS 1979-80 pilot 
project regressions are suspect since the unemployment 
rate variables in those models assumed unreasonably 
small and statistically insignificant coefficients. 

'8The BLS actually draws a distinction between what 
they call temporary layoff, which includes workers who 
expect to return to their employers within 30 days, and 
indefinite layoff, which includes everyone else on layoff 
who indicates a possibility of returning to their original 
employers. Following previous research, the term “tem- 
porary layoff” here refers to both of the above groups. 
The job seeker data for the period indicated were sup- 
plied by BLS. i 


j 
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do engage in active job search. Data from a 
supplement to the May 1976 CPS question- 
naire indicate that persons on temporary lay- 
off spent an average of 18.3 hours per month 
searching for a job; among the entire pool of 
. unemployed, the average was 24.9 hours. The 
same data showed that persons on temporary 
layoff used an average of 2.5 search methods, 
compared to an overall average of 3.4 search 
methods. .Moreover, data from the linked 
May, June, July, and August 1976 CPS files 
suggest that a very high proportion of those 
on temporary layoff do not return to their 
original employers. Thus, it is my belief 
that the figures on the job seeker-to-vacancy 
ratio presented in Table 3 can be viewed as 
offering lower-bound estimates of the rele- 
vant true job seeker-to-vacancy ratios.?? 


G. The Job Seeker-to-Vacancy Ratio 


Job seeker data were not available for 
most of the areas and time periods covered 
by the available vacancy data. However, the 
relationship between the job seeker rate and 
the unemployment rate could be. estimated 
fairly precisely using monthly U.S. data for 
the period from January 1970 through De- 
cember 1980.?! Job seeker rates were then 
created treating this estimated relationship as 
a prediction equation and plugging in the 
unemployment rates previously matched with 
the available vacancy data. These were used 
to calculate job seeker-to-vacancy ratios. The 
average values of these estimated job seeker- 
to-vacancy ratios appear in the top panel of 
Table 3. The estimated average job seeker- 


"These figures are discussed in Kim Clark and 
Lawrence Summers (1979). 

20 One could conceivably go even further than is done 
here with removing people from the group officially 
counted as unemployed. Some of those included in the 
BLS job seeker count could be engaging in job search 
activities solely because they wish to maintain their 
unemployment insurance eligibility; some may be only 
marginally attached to the labor force. However, even if 
such additional adjustments were viewed as appropriate, 
there is no obvious way to objectively determine their 
magnitude. ; 

21The job seeker rate was specified as a linear func- 
tion of the unemployment rate and its square; the 
estimated regression had an R? of .94. 
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to-vacancy ratios are roughly 15 to 20 per- 
cent smaller than the comparable average 
unemployment-to-vacancy ratios. 

What would the average job seeker-to- 
vacancy ratios in these areas have been had 
their unemployment and job seeker rates 
moved together with the overall U.S. rates? . 
Monthly job seeker-to-vacancy ratios were 
calculated using the vacancy rates derived 
above (by inserting U.S. unemployment rates 
into the estimated Beveridge curve equa- 
tions) and the actual values of the U.S. job 
seeker rate for the period spanned by each 
survey.” The middle panel of Table 3 re- 
ports the averages of these ratios. Again, the 
resulting ratios are roughly 15 to 20 percent 
smaller than the comparable unemployment- 
to-vacancy ratios. Excluding the BLS 1979— 
80 pilot project estimates, mean unemploy- 
ment rates of 4.5 to 5.0 percent. arè associ- 
ated with job seeker-to-vacancy ratios of 2.0 
to 3.0 and mean unemployment rates near 
6.5 percent are associated with job seeker- : 
to-vacancy ratios above 4.0. Even the BLS 
1979—80 pilot project numbers imply that at 
an unemployment rate near 6.0 percent, there 
would have been.many more people actively 
seeking work than available jobs. 

How low would the unemployment rate 
have had to fall for the number of vacancies 
to equal the number of job seekers? The 
Beveridge curve regressions described above 
specify the vacancy rate as a function of the 
unemployment rate; the relationship be- 
tween the job seeker rate and the unemploy- 
ment rate has also been estimated using data 
for the United States as a whole. Given that 
the vacancy rate equals f(UR) and the job 
seeker rate equals g(UR), where UR is the 
unemployment rate, one can solve for the 
value of UR such that the number of vacan- 
cies equals the number of job seekers. Ex- 
cluding the BLS 1979-80 data, the average 
unemployment rate implied by these calcula- 
tions is 3.3 percent. Even the calculations 
based on the BLS 1979-80 data imply that 


22Job seeker data are not available for months prior 
to January 1970. Values for these months were imputed 
based on the estimated relationship described in fn. 21. 
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the unemployment rate would have to fall 
below 4.5 percent before the number of 
available jobs would equal the number of 
persons seeking work.?^?* 


II. Alternative Estimates of the 
Unemployment-to-Vacancy Ratio 


The preceding conclusions are based on 
vacancy rate data collected directly from 
surveyed establishments. An alternative route 
for obtaining unemployment-to-vacancy (or 
job seeker-to-vacancy) ratio estimates would 
be to start with data on new hire rates and 
on the average duration of a completed 
vacancy spell. In a steady-state situation: 


(5) NHR-d,=VR, 


where NHR represents the new hire rate, d, 
represents the average length of time a job 
remains vacant, and VR represents the 
vacancy rate. In this section of the paper, 
data on job tenure from four January CPS 
files are used to estimate the new hire rate 
and available evidence on job vacancy dura- 
tions is presented. The resulting new hire and 
duration information is combined to yield 
estimates of the vacancy rate for four points 
in time. These vacancy rates are similar in 
magnitude to the relevant rates obtained 
earlier. The results of this approach are thus 
supportive of the conclusion that the unem- 
ployment-to-vacancy and job seeker-to- 
vacancy ratios have typically been substan- 
tially above one. 


234s noted in fn. 17, any conclusions based on the 
BLS 1979-80 pilot project regressions must be viewed 
with suspicion. 

?*An argument could be made that the vacancy vs. 
job seeker figures presented in Table 3 ought to have 
been calculated based. on the underlying relationship 
between the vacancy rate and the job seeker rate, rather 
than based on the underlying relationship between the 
vacancy rate and the unemployment rate. However, as 
noted in the text, data on job seekers covering the same 
time periods and geographic areas as the available 
vacancy data could not be obtained. An alternative set 
of figures were prepared using Beveridge curve regres- 
sions which contained predicted job seeker rates as 
described in fn. 21 rather than the unemployment rate; 
the final results were virtually indistinguishable from 
those actually presented. 
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A. Using Tenure Data to Estimate the 
New Hire Rate 


In January of 1963, 1968, 1973, and 1978, 
the CPS questionnaire contained a question 
regarding job tenure. Individuals were first 
asked whether they had been employed dur- 
ing the week containing the 12th day of the 
month. Those who said yes were asked when 
they had started the job at which they were 
employed. If hiring occurred at a uniform 
rate during the month of January, then it 
should be approximately true that 


(60  NHR=(31/k)-(N,/N,), 


where NHR is the new hire rate, k is the date 
of the last day in the week including January 
12, N, is the number of persons who said 
they started their jobs on a January date 
during or prior to the reference week, and N, 
is the total number of persons employed 
during the reference week. Using data from 
unpublished BLS tabulations, the relevant 
overall new hire rates were calculated to be 
as follows: January 1963, 6.5 percent; Janu- 
ary 1968, 6.4 percent; January 1973, 4.7 per- 
cent; and January 1978, 6.2 percent.” 

Are these numbers reasonable? One prob- 
lem with the approximate formula described 
above is that newly hired persons who left 
their jobs prior to the survey reference week 
will not be counted. On the other hand, 
persons who were hired at an earlier date but 
did not start their new jobs until after January 
1 will be counted. A priori, neither of these 
offsetting biases seems likely to be especially 
serious. One way to check the reasonableness 
of the new hire rates derived from the January 
CPS data would be to compare similarly 
computed new hire rates for manufacturing 
sector wage and salary workers to the manu- 
facturing sector new hire rates obtained un- 
der the labor turnover program. However, 
some of the same downward biases that likely 
affected the JOLTS vacancy rates, in partic- 
ular, the four problems of mail vs. interview 
responses differing, nonresponse bias, over- 


25Edward Sekscenski of BLS supplied the tabulations 
from which these numbers were derived. 
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representation of large firms, and nonrepre- 
sentation of firms just being born, would 
also be expected to affect the labor turnover 
program new hire rates. Using the correction 
factors developed earlier to deal with these 
four problems would suggest that the true 
new hire rate may be approximately 1.56 
times as large as the new hire rate estimated 
based on the labor turnover panel reports. 
The CPS-based new hire rates for manufac- 
turing sector wage and salary workers were 
thus compared to labor turnover program 
manufacturing sector new hire rates multi- 
plied by a factor of approximately 1.56. The 
two resulting sets of numbers were as fol- 
lows: January 1963, 3.7 percent (CPS-based) 
vs. 3.0 percent (labor turnover program); 
January 1968, 4.5 vs. 4.7 percent; January 
1973, 3.6 vs. 5.5 percent; and January 1978, 
4.5 vs. 3.9 percent? The two sets of num- 
bers appear to correspond fairly closely, at 
least with regard to their average level; the 
CPS-based set averages 4.1 and the inflated 
labor turnover program set averages 4.3. 


B. Information on Job Vacancy 
Durations 


Two sources of information on job vacancy 
‘durations are available. The first is a 
Canadian study which relied upon questions 
asked during the interview phase of the JVS; 
the second is the vacancy diary project un- 
dertaken in the states of Massachusetts and 
Utah during March 1980. 

The Canadian duration data were col- 
lected from JVS large employer interview 
forms (for units with 20 or more employees) 
for the period from the third quarter of 1971 
through the first quarter of 1973. During the 
interview phase of the JVS, large employers 
were asked: 1) when did you last hire some- 
body?; and 2) when did you initiate action to 
fill the job for which this person was hired? 
Based on the answers to these questions, 

: researchers at Statistics Canada estimated 
the mean length of time job vacancies re- 


*6The relevant unadjusted labor turnover program 
new hire rates can be found in Employment and Earn- 
ings. 
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mained open to be approximately 10 working 
days." To the extent that large firms are 
more bureaucratic in their hiring process than 
smaller firms, this estimate may overstate the 
mean duration for all vacancies. Data on the 
duration of job openings was also collected 
as part of the BLS vacancy diary project 
carried out during March 1980 with the co- 


' operation of Massachusetts and Utah em- ` 


ployers. The employers were supposed to list 
the date they had begun recruiting for all 
jobs that were open at the beginning of the 
month, and then to record all recruiting and 
hiring activity which occurred during the 
month. The official report on the project 
contains a table showing percentage of jobs 
open 0 days, 1-7 days, 8-14 days, 15—30 
days, 31-60 days, and 61 or more days, 
tabulated for all jobs filled or cancelled dur- 
ing the month. Calculating mean job 
vacancy durations under the assumption that 
the midpoint of each interval represents the 
length of time it took to fill each job in the 
interval yields an estimated mean duration 
of 10.66 calendar days for Massachusetts 
and 8.07 calendar days for Utah. Calcula- 
tions done by a state employment service 
staff member in Utah based on the actual 
duration of each completed job vacancy spell 
show an average duration of all filled or 
cancelled jobs of 6.76 calendar days, slightly 
under the 8.07 calendar days estimated using 
the interval data contained in the official 
report.?? 

Based on the available information, the 
average job vacancy remains open is some- 
where between 5 and 15 calendar days. It is 
important to note that how long it takes to 
fill job openings may vary considerably over 


: the business cycle. Both of the sources of 


information on duration discussed above 
apply to places and time periods where the 
unemployment rate was between 5 and 6 
percent. One would expect shorter durations 
in situations with a higher unemployment 
rate and longer durations in situations with a 
lower unemployment rate. 


27See Winn Oughtred (1973). 
28See U.S. Department of Labor (1981a, ch. 5). 
?3See Utah Department of Employment Security. 
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TABLE 4— ESTIMATED VACANCY FIGURES BASED ON TENURE DATA FROM THE JANUARY CPS FILES 


Unemployment Rate ] 

Implied New Hire Rate Based on Proportion of 
Employed Persons Who Started Job on a January 
Date During or Prior to the CPS Reference Week 

Implied Vacancy Rate Assuming a Mean Vacancy 
Duration of: , 

5 calendar days 
10 calendar days 
15 calendar days a 
Implied Unemployment-Vacancy Ratio Assuming 
a Mean Vacancy Duration of: 
5 calendar days 
10 calendar days 
15 calendar days : 

Implied Job Seeker-Vacancy Ratio Assuming 

a'Mean Vacancy Duration of: 
. $ calendar days 
10 calendar days 
15 calendar days : 

Best Guess about True Mean Vacancy Duration 
(calendar days) 

Implied Vacancy Rate 

Implied Unemployment-Vacancy Ratio 

Implied Job Seeker-Vacancy Ratio 


C. Estimated Vacancy Figures 


Table 4 reports estimated vacancy rates, 
unemployment-to-vacancy ratios, and job 
Seeker-to-vacancy ratios for January 1963, 
January 1968, January 1973, and January 
1978. Three sets of figures are reported, the 
first assuming a.mean vacancy duration of 5 
calendar days, the second a mean duration 
of 10 calendar days, and the third a mean 
duration of 15 days. The 5-day average dura- 
tion figure is probably the most appropriate 
for January 1963, with an unemployment 
rate of 6.9 percent, and for January 1978, 
with an unemployment rate of 7.0 percent. 
The best mean duration estimate for January 
1973, when the unemployment rate was 5.5 
percent, is probably 10 calendar days. The 
15-day average duration figure is probably 
closest to accurate for January 1968, when 
the unemployment rate was 4.0 percent. 

The calculations reported in Table 4 were 
intended to provide a check on the results 
obtained earlier. The figures arrived at seem 
to be quite consistent with the conclusions 


Jan. 1963 = Jan.1968 Jan. 1973. Jan. 1978 
6.6 4.0 55 70 
6.5 6.4 47 62 
L1 1.0 0.8 1.0 
21 21 L5 20 
32 31 23 3.0 
6.6 40 76 15 
33 20 3.8 37 
22 13 2.5 2.5 
5.6 3.2 6.5 6.2 
21 1.6 3.2 3.1 
18 Ll 2.1 20 
5 “15 10 5 
Ll 31 L5 10 
6.6 13 3.8 15 
5.6 LI 3.2 6.2 


drawn from Tables 2 and 3. The most 
straightforward comparison to make between 
these new estimates and those presented 
earlier is to look at the vacancy rate associ- 
ated with given values of the unemployment 
rate. Each of the vacancy rates in the row at 
the bottom of Table 4 is very similar to the 
vacancy rates from the appropriate positions 
in Table 2. Of the estimated unemployment- 
to-vacancy ratios in Table 4, only that asso- 
ciated with an unemployment rate of 4.0 
percent is below 2.0. The unemployment-to- 
vacancy ratio: associated with an unemploy- 
ment rate of 5.5 percent is roughly 4.0, and 
those associated with unemployment rates 
near 7.0 percent are closer to 7.0. The corre- 
sponding job seeker-to-vacancy ratios aver- 
age approximately 15 percent smaller. 

While the calculations just described are 
admittedly rough-and-ready, it is reassuring 
that the results obtained based on two quite 
different approaches.to estimating the vacan- 
cy rate, one via adjustment of the reported 
vacancy rates to correct for downward bias 
and the other via combining information on 
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the new hire rate with information on the 
duration of job vacancies, should yield such 
consistent results. 


HI. Conclusion 


I have examined herein available data rele- 
vant for assessing how the number of per- 
sons wanting and/or seeking work has 
compared to the number of available jobs. 
Taken as a whole, the information compiled 
suggests that both the number of unem- 
ployed persons and the number of job seekers 
have consistently been much larger than the 
number of vacant jobs. If it could be as- 
sumed that the vacancy rate/unemployment 
rate relationships observed in the available 
survey data mirrored the vacancy rate/un- 
employment rate relationship prevailing in 
the United States over the same time period, 
reasonable estimates would be that there were 
roughly 2.5 unemployed persons for every 
vacant job during the middle 1960's, an aver- 
age of close to 4.0 unemployed persons per 
vacant job during the early 1970's, and an 
average of 5.0 or more unemployed persons 
for every vacant job during the latter part of 
the 1970's. The number of persons counted 
as actively seeking work is somewhat smaller 
than the total number of unemployed per- 
sons, so that the comparable average job 
seeker-to-vacancy ratios would be 15 to 20 
percent smaller. 

What does my central finding that there 
are typically many more unemployed per- 
sons than job openings imply for macroeco- 
nomic theory and policy? It strongly suggests 
that measures such as training programs or 
increased job service funding designed to 
improve the process whereby unemployed 


workers are matched with available jobs, 


while perhaps a good idea for other reasons, 
cannot be expected.to have any dramatic 
effect on the aggregate unemployment rate. 
If, for example, there are four unemployed 
persons for every vacant job, the aggregate 
unemployment rate would be only 25 per- 
cent lower, even if every available position 
could be filled instantaneously with an unem- 
ployed individual; the unemployment rate 
reduction which improvements in the match- 
ing process could in fact be expected to pro- 
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duce would be considerably smaller, since 
one cannot realistically hope to reduce the 
average duration of a vacancy to anywhere 
near zero. In most situations, large reduc- 
tions in the aggregate unemployment rate 
will only be achieved if more jobs can be 
created. Lowering the minimum wage would 
lead to the creation of at least some new 
jobs, but available empirical evidence sug- 
gests this effect would be small?? Perhaps 
encouraging the use of shorter work weeks 
would be one appropriate policy response. 
The most standard approach to new job 
creation is obviously aggregate demánd stim- 
ulation.?! 

Nothing said thus far should be taken as 
implying that having the same number of 
jobs vacant as there are persons unemployed | 
is necessarily optimal. Suppose for the mo- 
ment that policymakers could select freely 
any point along a given Beveridge curve. The 
optimal vacancy rate/unemployment rate 
combination will depend upon the marginal 
social costs associated with unemployinent 
and with job vacancies. The social cost of 
another person becoming unemployed should 
equal the value of foregone production minus 
the value of time spent in job search minus 
the value of leisure time (possibly zero or 
even negative if there is physical and/or 
psychological stress associated with being out 
of work). The social cost of an added job 
vacancy should reflect at least the following: 
the cost to goods purchasers of their orders 
not being filled promptly; the cost to services 
purchasers who must wait in a longer queue; 
and the cost of any increase in inflationary 
pressure resulting from the existence of the 
vacancy? One might be able to say, for 
example, that a given amount of aggregate 


3°See Charles Brown, Curtis Gilroy, and Andrew 
Kohen (1982) for a good summary of available evidence. 
?!Tt is conceivable that improving the matching pro- 
cess and thereby lowering recruiting costs could induce 
employers to make more jobs available. These potential 
openings should be in large measure captured by the 
“discouraged vacancy" and “walk-in hire" adjustments 
made to the published vacancy data, as described earlier 
in this paper. In any event, this effect seems likely to be 
small. 
32 This framework for comparing the costs of unem- 
ployment and of vacancies is drawn from Robert J. 
Gordon (1973). . 
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demand stimulation could be expected to 
bring the number of job vacancies into rough 
equality with the number of unemployed 
persons; determining whether such stimulus 
would be desirable requires additional infor- 
mation. Assessing the relative social costs 
associated with job vacancies vs. unemploy- 
ment would thus seem to be an interesting 
topic for future research. 

Finally, the evidence I have presented says 
nothing about whether and how best to 
facilitate those reductions in unemployment 
that conceivably could be achieved via pair- 
ing currently existing jobs with currently un- 
employed individuals. Are the vacant jobs 
unfilled because they are unattractive? Or 
are they unfilled because the unemployed 
Jack the skills required to perform them? At 
what cost could the existing vacancy rate/ 
unemployment rate tradeoff be improved? 
These, too, would be. interesting questions 
for future investigation. 

This paper has documented an important 
fact about the U.S. labor market: the num- 
ber of persons seeking work seems typically 
to greatly exceed the number of available 
jobs. Additional work on the topic of the 
relationship between job vacancies and un- 
employment could further enhance our un- 
derstanding of the nature of unemployment. 
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The Economies of Massed Reserves 


By JAMES G. MULLIGAN* 


The economy of massed reserves, first 
mentioned by E. A. G. Robinson (1958, pp. 
26-27), is now firmly established in the in- 
dustrial organization literature as an example 
of a potential plant-level scale economy. The 
massing of reserves results in a savings in the 
proportion of required reserves to expected 
output as the scale of a facility increases. 
Examples of such reserves are bank tellers, 
specialized tools and equipment, repairmen, 
inventories, spare parts, and checkout lines. 


The potential economies from massing re- - 


serves are dependent on the underlying sto- 
chastic processes governing the supply 
and/or demand of the service provided. The- 
oretical justification for the economies of 
massed reserves has usually been based on 
an appeal to the law of large numbers. For 
example, Donald Hay and Derek Morris 
wrote “the law of large numbers makes the 
number of breakdowns more predictable in a 
plant using a large number of machines, so 
that the number of stand-by maintenance 
staff need not be increased in proportion to 
size" (1979, p. 44). 

This paper demonstrates that the law of 
large numbers does not provide a theoretical 
explanation of massed-reserves scale econo- 
mies. Instead, it is shown that the expected 
economies of massed reserves can be calcu- 
lated from the steady-state properties of 
well-known queuing models. Queuing mod- 
els apply to any case where a servicing input 
is held in reserve to cope with the stochastic 
nature of the market or production process. 
In addition, a method for quantifying the 
expected economies of queuing processes is 
developed. The magnitude of these expected 
economies is shown to be significant and 


*Department of Economics, University of Delaware, 
Newark, DE 19711. I thank Kathleen Meier, Herbert 
Mobring, Marcel Neuts, John Schroeter, and the mem- 
bers of the University of Delaware Department of Eco- 
nomics Research Workshop for helpful comments and 
suggestions. Michael Caputo provided excellent research 
assistance. This paper was presented at the Winter 1982 
meeting of ‘the Econometric Society. 
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calculable. For example, the expected econo- 
mies inherent in a widely applied queuing 
model are shown to exceed 23 percent in 
some cases. 

Section I establishes the irrelevance of the 
law of large numbers as a theory of scale 
economies. Section II provides a formal 
method for determining the scale economies 
inherent in the most often mentioned 
massed-reserves example: machine repair. 
Section III shows that the same method can 
be used to calculate scale economies for the 
remaining massed-reserves examples: special- 
ized repair tools and equipment; checkout 
counter clerks, bank tellers, and other service 
personnel; capacity; and inventories and 
spare parts. In addition, it is demonstrated 
that the same method can be used to calcu- 
late scale economies for some multiproduct 
operations. 


I. The Law of Large Numbers and 
Economies of Scale 


The law of large numbers, stated briefly, 
refers to the statistical property that the sam- 
ple mean approaches the true mean of a 
distribution as the number of randomly 
drawn observations approaches infinity. A 
formal definition, known as the Strong Law 
of Large Numbers, is as follows: If a com- 
mon distribution of the independent, identi- 
cally distributed random variables X}, X,,... 
has a finite first moment, u, then a sequence 
of averages, Y, = Y X, /n, converges to p with 
probability one.! 

If the expected value of X is E(X), nE( X) 
is the expected value of the sum, S, = X X,. 
The sum has a large variance, n var X, that 
indicates a large dispersion as m goes to 
infinity even when var X is finite. Assume 
that X represents the machine breakdown 
rate of a production unit. Although the ex- 
pected breakdown rate is nE( X) for large n, 


'See William Feller, pp. 259-60. 
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the addition of an identical unit actually 
increases var S, by var X. If E(X) is already 
known, there is no additional informational 
value attached to large size. Although propo- 
nents of the law of large numbers suggest 
that breakdowns become more predictable as 
n increases, the large firm is likely to observe 
at any point in time values of nX far from 
nE(X). Since the variance around nE( X), 
nvar X, is the same for both a n-production- 
unit industry and a n-subunit firm, the large 
firm has no advantage. Since the law of large 
numbers does not guarantee that the large 
firm is anymore likely to reduce its expected 
number. of breakdowns than a one-produc- 
tion-unit firm is, there is no obvious gain 
from reducing the proportion of standby re- 
pair personnel. 

Although the law of large numbers has 
little to do with the traditional concept of 
scale economies, there are scale economies to 
be realized.. These scale economies can be 
shown by considering the most commonly 
used massed-reserve example: machine re- 
pair. For expositional purposes, assume that 
there are n identical firms each containing 
one worker and k machines. The machines 
operate independently of workers until a 
machine breaks down. The worker is avail- 
able to make repairs when necessary. Repair 
times will vary depending on the repair 
needed. Unless repairing a machine, the 
worker is assumed to be idle. The machines 
are assumed to be homogeneous in the sense 
that their breakdown and repair probability 
density functions are identical. Assume fur- 
ther that the parameters of the probability 
density functions are known by all firms, 
that the density functions do not change, and 
that they are not expected to change. 

In the absence of diseconomies associated 
with transportation costs, span of manage- 
ment's control, and other related phenom- 
ena, a doubling of the scale of a firm is 
equivalent to combining two of the identical, 
independent firms. If these two firms, now 
formed into a combined firm of two workers 
and 2k machines, maintain their separate 
structure and each worker maintains sep- 
arate care of his machines, there will be no 
economies from the merger. However, econo- 
mies could result if otherwise idle workers 
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are allowed to repair the machines of workers 
facing a queue of inoperative machines. The 
potential for economies will result only at a 
point in time when one worker has all of his 
k machines working, and another worker has 
two or more machines needing repair. The 
economies are realized when an otherwise 
idle worker helps that worker by repairing a 
machine in the queue. They are thus due to 
the use of an otherwise idle resource. These 
joint events occur randomly. The magnitude 
of these economies will depend on the joint 
probability that an idle worker is matched 
with a worker with two or more machines in 
need of repair. Since this structural change 
reduces expected idle time, expected output 
per machine will increase for the larger firm. 
The probability of producing any given out- 
put can thus be maintained with fewer re- 
pairmen as the scale increases. Although there 
are fewer repairmen, each repairman spends 
less time idle. This scale economy has little 
to do with the law of large numbers or the 
ability of firms to predict the number of 
breakdowns more accurately. It is the result 
of a structural change that utilizes a resource 
(for example, repairmen) more fully. 


II. A Queuing Model of Scale Economies 
for Stochastic Markets 


In this section the heuristic argument made 
in the previous section will be placed in the 
context of a well-known queuing model. 
While the literature on queuing theory is 
vast, surprisingly, it has almost completely 
ignored the inherent scale economies of 
queuing models. This neglect and the incor- 
rect use of the law of large numbers suggest 
that a formal model of these economies is 
appropriate. This section uses the above 
machine-repair example to show the general 
application of queuing theory to modeling 
the economies inherent in stochastic markets 
and production processes, and develops a 
method for calculating these economies. 

The machine-repair example will be used 
for three reasons: 1) machine repair is the 
most often mentioned example of massed 
reserves; 2) a queuing model used to char- 
acterize the stochastic nature of this process 
is both well known-and relatively tractable; 
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and 3) the same queuing model can be ap- 
plied to other nonmachine-repair examples. 
It is important to note, however, that the 
general approach shown here will apply to 
any situation where a serving unit is held in 
reserve to cope with the stochastic nature of 
the market or production process. Although 
the specific queuing model used will depend 


on the assumptions made about the frequency — 


distributions of demand and/or supply, the 
method described is the same. In the next 
section, several nonmachine-repair examples 
will be provided to demonstrate the general 
usefulness of queuing models as both a theo- 
retical explanation and a means for calculat- 
ing scale economies. 

The assumptions of the machine-repair ex- 
ample are now restated more formally: the 
production unit consists of a pool of K 
potential arrivals to the system. In this exam- 
ple, K is the number of machines. The ma- 
chines operate independently of workers un- 
til a machine breaks down. There are c servers 
(repairmen) available to monitor the system 
(machines) and serve (repair) any that arrive 
(break down). An individual's arrival rate 
(machine's breakdown rate) is assumed to be 
a Poisson random variable with mean À. The 
service (repair) rate of a worker is also a 
Poisson random variable with mean p. The 
frequency of service time (repair length) is 
thus subject to a negative exponential distri- 
bution.? 

For this model the steady-state probability 
of n customers (machines) in need of service 
is given by 


b K!- AY. 
Ter i Po 


where Py is found from the condition YF ,P, 
=1. It has been shown in numerous sources 
that these probabilities yield the steady-state 


2This model is denoted in the queuing literature as 
M, /M/c/K or the finite source, c server queue. A 
detailed discussion of queuing notation can be found in 
Donald Gross and Carl Harris, pp. 2-10. 
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expected number of *down" machines, D, as 


Ur caval) 


K n 
K! À 
PEPER A RIRE EIENEN TE Milos P 
* E xcu my 
where 
col n 
OK! À 
Q) ^- E ce Esa) 
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Setting c equal to unity and K equal to k © 
in (1) yields the steady-state number of down 


` machines for the one-worker k-machine pro- 
. duction unit as? 


: nk! 


or —— 


n=l 
1+ £ CERT zx - 


nl 





Assume that steady-state expected output 
is proportional to the expected number of 
machines operating in a steady state. If there 
were no economies of scale inherent in this 


. process and the scale of operation were in- 


creased with the server to potential arrival 
(repairman to machine) ratio held constant, 
expected output per machine would, by defi-- 
nition, be the same regardless of the size of 
the production unit. Output per machine for 
a production unit of k machines and one 
worker would be identical to output per 
machine for a production unit of ck ma- 
chines and c workers. - 

Yet, due to the nature of the Poisson 
breakdown process, a repairman will face a 
positive probability that no machines will 
require repair at a specific point in time. If 


3See Gross and Harris, pp. 118-19. 
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the repairman is responsible for two or more 
machines, there will be a positive probability 
that two or more machines will need service 
at the same time. Combining two otherwise 
independent production units and allowing 
repairmen to assist one another will increase 
output per machine and worker, because of 
the matching of a repairman with no ma- 
chines needing repair and a repairman with 
two or more machines needing repair. The 
economies from this matching process de- 
pend on P(n — 0), P(n 2 2), and the number 
of repairmen in the expanded unit. When 
K/c and A/p decrease, P(n = 0) increases 
and P(nz2) decreases. As K/c and A/p 
increase, P(n=0) decreases and P(n > 2) 
increases. Potential economies increase with 
the increase of potential interactions between 
repairmen with no machines requiring repair 
and repairmen with two or more machines 
needing repair. A formal analytic derivation 
of the number of machines and repairmen 
where these joint probabilities are maximized 
is a formidable task for this basic queuing 
model and is unnecessary. Numerical calcu- 
lation of (1) for the full range of K, c, and 
A /p will yield exactly the same information 
and is a common approach used by queuing 
theorists when determining the properties of 
queuing models. 

Expected. steady-state output was calcu- 
lated using equation (1) for the entire range 
of possible A /p, K, and c. Since the econo- 
mies will be maximized for each K/c at a 
unique value of À /p and c, K/c was chosen 
first and the economies calculated (in terms 
of a percentage increase in expected output 
per machine relative to the one-worker pro- 
duction unit holding K/c constant) for the 
full range of A/p and c. The calculations 
verified that economies are maximized for 
each K/c at a value exactly equal to 1+ 
(A/p)7 |. Expressed equivalently, (K — c) 
=cy or A/p—c/(K —c)^ Movement of 
K/c away from 1+(A/p)7! creates an ex- 


4The importance of this result is tangential to the 
thesis of this paper. A paper giving a more detailed 
discussion of the result and a critical analysis of earlier, 
related work by David Levhari and Eytan Sheshinski, 
Moises Syrquin, and Kenneth Arrow, Levhari, and 
Sheshinski is available from the author upon request. 
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cess of idle or busy workers due. to the 
changes in P(n=0) and P(nz2) and 
diminishes the importance of scale. For ex- 
ample, when K/c is small relative to 
1+(A/u)~', the probability that an idle 
workers help is needed is small. Likewise, 
when K/c is large relative to 1+(A/p)7', 
the probability that an idle worker is avail- 
able is small. 

Sample values of economies for various 
values of K, c, and A/p are presented in 
Table 1. As expected, Table 1 shows that for 
each K/c ratio, deviations of À /p from A /p 
=c/(K-—c) decrease the potential scale. 
economies. As, stated earlier, the reduction is 
due to an increase in the expected excess of 
either idle or busy workers as À /p deviates 
from c/(K—c). This same phenomenon 
could be shown for deviations of K/c from 
1 -(A/p) |. Although the firm cannot im- 
prove on expected output per machine at 
infinite scale by altering the K/c ratio, un- 
certainty remains. The firm will still experi- 
ence queues and idle time, but the firm has 
by such an organization coped with the un- 
certainty as much as possible. 

Note that the profit-maximizing firm might 
not choose to operate at this ratio of K/c 
because of relative factor prices. In the ma- 
chine-repair context, A/p represents the 
technology (i.e., production function param- 
eters) constraining the firms' decision. Thus 
the firm chooses the scale and the K /c ratio 
subject to this technology and to factor prices. 
In the long run, the profit-maximizing firm 
may even have choices among competing 
technologies at various machine prices. In 
the short run, once the machines are in place, 
the firm can hire workers and thus still affect 
the K/c ratio. The K/c ratio chosen may 
not be the one predicted on scale economies 
alone, since relative factor prices dictate this 
decision. The scale arguments made here 
show that identical firms in a stochastic 
market can lower expected average cost at 
any given K/c ratio by merging otherwise 
independent production units. For the ma- 
chine-repair example, note in Table 1 that 
the full advantage of scale occurs at different 
scales depending on the K/c ratio. The 
greatest potential occurs at K /c equal to two : 
and A /y equal to one. For K equal to 1,000 
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TABLE 1 —ScALE ECONOMIES: PERCENT INCREASE IN OUTPUT PER MACHINE 
WHEN COMPARED TO THE ONE-WORKER REPAIR UNIT 
A.K/c-8. 
Py" 
Workers .141 .142 .143? 144 145 
2 5.924 5.927 5.929 5.929 5.928 
4 10.347 10.353 10.357 10.357 10.353 
10 14.422 14.496 14.441 14.439 14.429 
20 16.524 16.544 16.552 16.547 16.529 
50 18.407 18.440 18.452 18.440 18.406 
B. K/c 16 ‘ 
A/k 
Workers .065 .066 .067* .068 .069 
2 4.666 : 4.682 4.689 4.686 4.675 
4 8.004 ` 8.129 8.142 8.132 8.098 
14 12.041 12.127 12.150 12.108 11.997 
35 13.703 13.844 13.878 13.790 13.574 
C. K/c 32 
A/u 
Workers .030 031 .032* .033 .034 
2 3.402 3.500 3.551 * 3,549 3.490 
4 5.801 6.023 6.138 6.123 5.965 
10 > 7.827 8.253 8481 . 8.431 8.055 
25 8.941 - 9.601 9.981 9.864 9.135 


The value of A /p where A /p equals c/(K — c). 


and c equal to 500, the percentage increase is 
23.7 percent. The scale needed to capture 
most of these economies is greatest for 
smaller K/c ratios. For larger K/c ratios, 
most of the scale economies are realized at 


relatively low values of c. Also note in Table: 


2 that as expected, the probability that any 


one worker is idle decreases SED the scale 


increases. 

The technique used for deem the 
scale economies for the machine-repair 
example can be summarized as follows: 
expected output for each value of A/p, K, 
and c is calculated using the steady-state 
properties of the appropriate queuing model. 
Maintaining the same K /c ratio and value of 
\/p, expected output for the one-server 
model is calculated. Comparisons of expected 
output per machine or equivalently per 
worker at different scale yields the potential 
economies. This technique can be used to 


determine the expected economies in any 
stochastic market where production units 
maintain a serving unit in reserve. The as- 
sumptions of Poisson arrivals and Poisson 
service can be changed to fit the stochastic 
process under consideration. Some examples 
are offered in Section III. Generalization of 
these assumptions, however, does increase 
the complexity of the steady-state properties 
of the queuing process. 

The discussion to this point has assumed 
that reorganization is costless, a rather dubi- 
ous assumption. In the machine-repair con- 
text, shirking is a possibility if workers are 
not given sole responsibility for specific ma- 
chines.? A complete model of a market would 
incorporate the economies identified in this 
paper with well-documented diseconomies 


5See Armen Alchian and Harold Demsetz. 


730 
'TABLE 2— PROBABILITIES OF BEING IDLE 
AT DIFFERENT SCALES 
A. K/c=8 
A/p 
Workers ' 141 142 143 
2 .13579 .13272 .12971 
4 . 09971 .09648 .09333 
10 .06645 .06306 .05977 
20 .04931 .04580 .04243 
| BK/c=16 " 
A/u E 
Workers .065 .066 .067 
2 3s .11702 .10940 10211 
4 08810 08008 .07249 
10 .06185 .05331 .04544 
20 .04854 .03957 .03155 


such as transportation costs and manage- 


ment control. 
III. Additional Applications 
This section considers the massing of other 


production i inputs: (a) specialized repair tools 
and equipment; (b) checkout counter person- 


nel, bank tellers, and other individuals pro- 


viding service functions; (c) capacity; and (d) 
inventories and spare parts. While the specific 
application dictates the queuing model cho- 
sen, the general method is the same as shown 
in Section IL. At the end of this section the 


possibility of scale economies for multiprod- . 


uct operations is discussed. 
A. Specialized Repair Tools and Equipment 


A repair tool or a piece of equipment used 
to make repairs is conceptually the same as a 
repairman. Since the tool or piece of equip- 
ment is a server or repairman that remains 
idle until called upon to repair a machine, 
the queuing model used will be the same as 
that in Section II. ; 


a B. Checkout Counter Personnel, 
Bank. Tellers, and Others 


In this case, service is provided on demand 
by an individual facing a stream of customer 
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arrivals. Instead.of assuming that there are k 
machines likely to break down, assume that 
there are k identical; potential customers each 
likely to arrive with mean arrival rate A'. As 
before, any assumption can be made con- 
cerning the nature of the arrival distribution. 
Assume for consistency of the exposition 
that this distribution is Poisson. Although 
there are k potential customers, the steady- 
state expected number of customers in the 
system, that is, receiving service or waiting in 
line for service, will likely equal some smaller 
number n. Since a customer already in the 
system cannot arrive without first departing, 
the potential arrival rate is the arrival rate of 
a typical customer times the number of 
potential customers not already in the sys- 
tem, that is, A'(k —n). If the number of 
potential arrivals, k, is large relative to the 
expected number of customers in steady state, 
n, the expected arrival rate \’(k — n) is ap- 
proximately equal to A’k without significant 
effect on the steady-state properties. This 
simplification is known as the infinite-source 
assumption and is commonly used for this 
type of application. The value A'k can be 
denoted A, the mean arrival rate faced by the 
server. Service may be deterministic or sto- 
chastic. For example, assume that service is 
provided by c servers according to a Poisson 
process with mean p. The appropriate model 
is known in the literature as M/M/c. When 
c equals one, the steady-state number of 
customers in the system (i.e., in the queue or 
receiving service) is A /( — AS 

To determine the effect of scale changes, 


"one would increase both the: number of 


servers and the number of potential custom- 


ers in the same proportion. A proportionate 


increase in the; pool of potential customers 
will result.in the same proportionate increase 
in A, since À equals A’k. Although changes in 
scale.are normally defined as proportionate 
changes in all. inputs, not proportionate 
changes in all inputs and customers, this 
assumption can be motivated as follows: 
consider two. identical stores (for example, 
banks, supermarkets, etc.) located close 
enough geographically so that transportation 


& 


See Gross and Hartis, p. 53. 
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costs of any kind are not an offsetting dis- 
economy. The arrival process is Poisson and 
the mean arrival rate is X for. each store. 
Each store has one checkout counter. The 
. two stores now ‘merge and tear down the wall 
separating their stores. Assumé-that there is 
no defection of customers: due to a personal 
distaste for either of the new partners. There 
is a well-known property that the sum of two 
independently distributed Poisson random 
variables of mean, A, and À,, respectively, is 
a Poisson random variable with mean A, + 
Aa. (See Patrick Moran, p. 12.) Thus the 
resultant arrival process to the combined 
store will be Poisson with mean arrival rate 
2A and the number of servers will be two 
with each serving at mean rate p. The 
steady-state number of customers in the sys- 
tem for c servers is 


d Qu) |]; 
^ | (c=) - A. 


c-1 n 
1/{r : 
L uil. | 
n0 


4, (^ ( eu E E 
ciu] Vcg - A] j 


This merger presents the possibility that a 
customer waiting in one checkout line might 
be able to go to another counter serviced by 
ań otherwise idle checkout clerk. This merger 
will reduce thé expected time customers 
spend in the system and will reduce expected 
server idle time. Althóugh numerous varia- 
tions.of this model exist depending on arrival 

.and service distributions, priority of service 
and queue discipline, the method for the 
calculation of scale economies is the same. 
Interested readers are referred to Gross and 
Harris, among others, for the steady-state 
Properties of these model variations. 





where! Py = 


C. Cupido Utilization 


F. M. Scherer et al. (1975) contend that 
sharing idle capacity is an example of massed 


"See Gross and Harris, pp. 97—98. 
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reserves at the multiplant level. Since ran- 
dom fluctuations may result in excess de- 
mand at one plant when there is excess 
capacity at another, the sharing of capacity 
will lower the cost of meeting any given level 
of demand. The massing of capacity can be 
modeled with queuing theory as follows: the 
merging of two otherwise independent plants 


` in the absence of transportation costs will 


have the same effect on the arrival rate as 
described in Section III, B. In this case A is 
the mean demand for the firm's product with 
each customer demanding one unit at a time.? 
Scale economies result in a reduction of 
customers' expected waiting time for a given 
capacity or a reduction in capacity needed to 
maintain a given level of customers' expected 
waiting time. In this case, the server is a unit 
of capacity, and the service it provides is a 
unit of output. A customer arrives and places 
an order. If capacity is available, the good is 
produced. Production may ‘be deterministic 
or stochastic. Assume that production fol- 
lows a Poisson process with mean rate p. The 
expected waiting time is 1/p, once a unit of 
capacity has been allocated for the customer. 
Customers may have an additional, earlier 
wait in the queue before capacity is freed for 
their order. Increasing the plant's capacity 
amounts to an increase in the number of 
servers. Thus as long as capacity is available, 
orders will be processed in the same way that 
customers receive service at checkout coun- 
ters. If demand and service are assumed 
Poisson, the appropriate model will be 
M/M/c with scale changes defined as pro- 
portionate increases in À and c. 

In addition to the variations mentioned 
earlier, one could consider the possibility 
that customers would balk and go elsewhere 
if the expected wait is too long. Arthur De 
Vany used a queuing model with customer 
balking to show that a natural monopolist 
will emerge in a market with fixed prices 
because of the reduction in customer waiting 
time as scale increases. Consumers were as- 
sumed to consider expected waiting time an 


81f customers demand more than one unit at a time, 
input to the system comes in the form of bulk or batch 
arrivals. See Gross and Harris, pp. 148-54, for a discus- 
sion of this assumption. 
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indicator of quality. De Vany defined scale 
changes as proportionate increases in À and 
p rather than A and c. De Vany and Thomas 
Saving state that there is little difference 
between the properties of a M/M/c queuing 
model with p equal to pọ and the properties 
of a M/M/1 model with p equal to ci. 
Their assumption does simplify the steady- 
state properties, but leads to an overestimate 
of the scale effects. A technical discussion of 
the conceptual and computational dif- 
ferences of these two models is available 
from the author upon request. 


D. Inventories and Spare Parts 


Examples shown above (A; B; C) are direct 
applications of queuing theory. Although in- 
ventories of goods and spare parts often have 
been included in lists of massed-reserves ex- 
amples, inventories do not provide a serving 
function. Inventories are consumed, once de- 
manded, and are not available after use to 
meet subsequent demand. The inventory 
literature is extensive: In his survey article, 
Sumer Aggarwal wrote “the large number of 
research studies and models...do not in any 
way exhaust the possibilities of formulating 
the possible millions of additional models” 
(p. 476)? Although inventories do not pro- 
vide serving functions, many situations can 
be modeled with the queuing theory. Other 
applications have been modeled with dy- 
namic programming. Although a detailed 
treatment of all of these models is beyond 
the scope of this paper, the rationale for 
scale economies is shown to be the same as 
before. 

. Although C. F. Pratten, and John Haldi 
and David Whitcomb, among others, con- 
tend that the law of large numbers predicts a 
decrease in the ratio of required inventories 
to sales as scale increases, the law of large 
numbers is no more valid a justification for 
scale economies in this case than it was 
earlier. Firms hold inventories of goods and 
spare parts at positive storage cost in an- 
ticipation of stochastic demand. By sharing 
their inventories, two otherwise independent 


?For additional surveys of the inventory literature, 
see Steven Nahmias and Edward Silver. 
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firms can maintain the same probability of 
having an item. in, stock while reducing ex- 
pected storage costs. When one firm runs out 
of an item and a second firm has unde- 
manded items in stock, the first can borrow 
from the second. This concept is the same as 
the sharing of capacity, repairmen, etc. The 
combined firm saves in two ways: it does not 
lose a customer that would otherwise have 
been turned away from the first subunit; and 
does not absorb the storage cost of maintain- 
ing the item in the other subunit's inventory. 

While formal calculation of these econo- 
mies will depend on the model used, queuing 
theory can be used for a number of applica- 
tions. The notion of the server is different 
than before. Output will be the arrivals to 
the system. Unsold output (or unused. spare 
parts) will be held in a queue. The queue is 
serviced by customers who remove the item 
at some rate. Customers can be handled. 
simultaneously by assuming that there are 
places for c customers at a time. Customers 
remove the good at mean rate u. If the 
customers arrive according to a Poisson pro- 
cess, and' output or stocking of parts is a 
Poisson process, the appropriate model is 
again M/M/c. Here the probability that a 
server is idle is the probability that a customer 
arrives and does not find the good available. 
Scale economies can be calculated by in- 
creasing A and c in fixed proportion and 
comparing expected idle time. If firms are 
concerned that they will lose customers when 
the good is not available, they will attach an 
expected cost to P(n = 0) and weigh it against 
the expected cost of holding positive inven- 
tory levels in steady state. 


E. Economies of Scope 


Most firms produce more than one prod- 
uct. The possibility of scale economies for 
multiproduct firms, called economies of 
scope, has received considerable attention 
since the initial contributions of John Panzar 
and Robert Willig (1975). (See Elizabeth Bai- 
ley and Ann Friedlaender, 1982, for a recent 
survey.) Economies of scope are said to re- 
sult when a multiproduct firm can produce a 
given amount of two different goods at a 
lower cost than the combined cost. of two 


VOL. 73 NO. 4 


firms each specializing in one of the two 
goods. More formally stated, economies of 
scope result when C(X,, Yo) « C( X,,0)- 
C(O, Y), where C( Xp, Y) is the cost of the 
multiproduct firms production of X, and Y, 
amounts of goods X and Y, respectively, and 
C(.X,,0) and C(0, Y) are the costs of the 
- two one-product firms. A potential source of 
these economies is the sharing or joint utili- 
zation of certain inputs. 

If the demand for these goods is stochastic 
and the input performs a serving function, 
the firm will experience the same expected 
economies as mentioned earlier. For exam- 
ple, assume that prices for two goods are 
fixed for some finite period of time and that 
demand is a Poisson process. Assume that 
demand for X and Y are independent with 
means, Ay and Ay, respectively. As shown 
earlier the demand faced by the firm will be 
a Poisson process with mean Ay + Ày, if X 
and Y are homogeneous goods. If the firm 
uses the same process or equipment to pro- 
duce X and Y, the products may be perfect 
substitutes in production even though less 
than perfect substitutes to consumers. As- 
sume that X is produced by a firm with 
capacity c, and Y is produced by another 
firm with capacity c. Assume that each unit 
of capacity provides output according to a 
Poisson process with mean p. Combining the 
two production processes will make the com- 
bined firm a 2c server system with each 
server providing service at rate u. Capacity is 
being shared by both products. Although 
these same economies could be captured by a 
similarly sized firm producing just X or Y, 
diseconomies such as transportation costs 
may preclude the expansion in the produc- 
tion of the one good. Since doubling A y may 
not be possible without substantial advertis- 
ing or transport cost, the firm may find it 
more profitable to produce both X and Y 
and sell locally. 


IV. Summary 


This paper has considered the potential 
scale economies for firms operating in a 
market governed by stochastic demand 
and/or supply, and challenges the com- 
monly expressed view that these economies 
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are a natural consequence of the law of large 
numbers. Instead, the steady-state properties 
of well-known queuing models are used to 
provide formal theoretical justification and a 
means of explicitly calculating the potential 
economies due to either the expansion of an 
existing firm or the merger of two or more 
firms. This research shows that potentially 
significant economies do exist. These econo- 
mies are dependent on parameters of the 
queuing model specified. Economies result 
from the greater use of resources, such as 
repairmen, clerks, capacity, and inventories 
that would have otherwise spent a larger 
percent of time idle. These results suggest 
that.in the absence of offsetting disecono- 
mies larger firms would have a potential cost 
advantage in markets governed by stochastic 
demand and/or supply. 
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American Economic Growth and the Voyage of Columbus 


By R. PRESTON MCAFEE* 


* Life, as we know it, does not exist." 
Swami Mhakhaphi 


Since the imaginative, pathbreaking, in- 
ventive analysis of Robert Fogel (1962), the 
counterfactual analysis has intrigued and 
scintillated a generation of economists. Fogel 
considered the state of the American econ- 
omy in 1890, had the railroads never been 
invented. He found that less than 10 percent 
of the American output could be attributed 
to the single innovation of railroads, thus 
demonstrating irrevocably that the loss of 
trains would not derail the American eco- 
nomic juggernaut. However, no stationary 
equilibria exist. Indeed, Fogel’s analysis 
showed that the American economy was re- 
silient in ways not previously considered. 
Furthermore, Fogel’s article had greater im- 
pact. After all, if the railroads did not exist 
in 1890, they probably do not exist now, for 
there is no record of them being invented in 
the last ninety-two years.' Nonexistent rail- 
roads are unsafe to use (L. M. Mijhak, 1835). 

Since Fogel's analysis, the counterfactual 
has been successfully employed in a variety 
of other areas. A. Gibbons and O. Ho (1966) 
considered what would have transpired had 
the transatlantic railroad not been con- 
structed at the turn of the century. They 
found that, with the necessarily higher costs 
of transportation, lighter than air vehicles 
would have been developed. Their conclu- 
sion was disputed by S. S. Vicente (1967) 
who proved conclusively that lighter than air 
vehicles are not possible, for no construction 


*Department of Economics, Social Science Centre, 
University of Western Ontario, London, Canada N6A 
5C2. I thank Frank Bacon, Danny Bernoulli, Chuck 
Darwin, Pete Fermat, Chuck Fourier, Eddy Gibbon, 
Dave Hilbert, Joe Lagrange, Fred Nietzsche, and Bert 
Russell for valuable discussions. All errors are attributed 
to stultification resulting from Canada's climate and its 
first-best beers. 

'There is one undocumented report of the steam 
locomotive being invented in the USSR in 1927, by Igor 
Antonvich. No report of rails being employed there 
surfaces, however, until 1949. 
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materials having sufficient rigidity are lighter 
than air. Nevertheless, X. O. Warbly (1968) 
analyzed the state of the world if “aero- 
planes" were possible, and found they would 
not have been used anyway. Errors in 
Warbly's procedure were found by Muon 
(1970), who reevaluated the counterfactual 
using the Multiple Augmented Data Con- 
struction Assistance Package. Muon arrived 
at the same conclusion as Warbly, although 
the difference in cost and value of aeroplanes 
is reduced. In a clever twist, Shatter and 
Filth (1975) consider “what if Fogel had 
never written his article," and projected that 
economic historians would have turned to 
cocaine use instead of counterfactuals. Fi- 
nally, Dromedary (1976) hypothesized that if 
Fogel were conceived on a train, he would 
have utilized more traditional methods in 
economic history. 

The problem all of these articles share is 
that, by the time rail transportation is in- 
troduced, the U.S. economy had already pro- 
duced the entrepreneurial class that paved 
the way for capital accumulation and growth. 
As a popular slogan of the 1890's asserted, 
* you can't keep a good robber baron down." 
Fogel demonstrates that railroads were not 
fundamental to the American economy, but 
does not consider deeper issues. In ret- 
rospect, it is obvious that Fogel was on the 
wrong track, for without railroads, en- 
trepreneurs would have found other ways to 
bilk the government out of millions of square 
acres? of land. Thus, in demonstrating the 
invincibility of the American economic jug- 
gernaut, Fogel created a straw man.? 

In order to perform a valid test of the 
invincibility of the American economic 
cornucopia, the counterfactual must predate 


?'There is some evidence that bilking the government 
out of round acres is sufficiently difficult that bilking 
would be reduced to z/4 of levels otherwise attained. 
This assumes no overlapping properties, however, and 
scale economies in honest graft. 

3This is generally regarded as a despised type, except 
among Iowa children. 
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the development of the celebrated entrepre- . 


neur and the waves of immigrants whose 
sweat was an important input into the pro- 
duction process. Consequently, it is hypothe- 
sized that, rather than stumble upon the two 
American continents, Columbus fell off the 
edge of the earth. Certainly this is, a valid 
test, for if America were to be virtually un- 
changed, despite not being discovered, cer- 
tainly the "American century" was inevi- 
table. I choose the year 2000 as a target date, 
. and compare America as it will be in the 
year 2000 to the way it would have been 
then, had Columbus fallen off the edge. 

The paper proceeds in three parts. First, I 
construct a model of the earth, in which 
implications of Columbus falling off the edge 
can be tested. A new analytic procedure, the 
highly touted Fractured Reconstructive Au- 
toerotic Projection Package with Econome- 
trization (FRAPPE), from my 1983 study is 
used to detail the properties of the counter- 
factual world. These results are summarized 
in the third section. The fourth section offers 
conclusions and some proposals for further 
‘research. 

Before formulating the model, a few possi- 
ble objections may be laid to rest. Dribble 
(1980) has argued that America was not dis- 
covered by Columbus, but by another Italian 
with the same name. In a later paper, 
Dribble (1981) alleges that Isabella did not 
finance Columbus,* but that Ferdinand, 

. dressed like the Queen of Spain, did. Read- 
ers should note that Dribble now drives a 
milk truck in Cleveland. 

. A more substantive issue was raised by 
Occam, who states (reprinted without per 
-` mission): . 


If the world were flat, Columbus would 
certainly not have observed masts ris- 
ing over the horizon as ships came in. 
As a result, he would have not believed 

' the earth to be round, and would never - 
have sailed. Hence he could not have 
fallen off the edge. [1983, p. 17] 


Fikus (1980) is less ambiguous on this point, 
stating that, in the presence of rational ex- 


^Which Columbus is meant is not clear. 


"SEPTEMBER 1983 


pectations, Columbus would have sailed only 
if he would reach India? Milcfed (1981) 
counters that Columbus should sail if and 
only if he will discover something worthwhile, 
and thus it is sufficient for Columbus to sail 
if he feels it is worthwhile to find out what it 
feels like to fall off the edge. Occam (1985) 
will agree to this point, ecstatic over the 
elegance of the approach. 

This shows that it is not contradictory to 
presume Columbus sailed away and fell off 
the earth. Certain topographical facts are 
implied by this statement, which form the 
core of the model developed in the next 
section. 


I. The Model : 


Let 9€ be a subset of an uncountable cross 
product of the complex space, with the sub- : 
set product topology generated from the 
lexicographic topology on complex space. Let. 
B represent the Borel sets on % generated 
from this topology, and a a nonnegative 
measure on B. If X is compact, let X * = 9€, 
otherwise let X * be the one point com- 
pactification of 9X, with induced metric p *. 
Extend u» to the nonstandard reals, and 
denote this extended metric *u¥*, over 


. * X x, the nonstandard extension of X *. 


Choose a point s € * X *.° A path from s 
to x is a continuously differentiable mapping 
p:[0,1] ^ * 9€ * such that p(0) — s and p(1) 
— x. Such a path is a catastrophe in 9X if 
(300 «t «1 and p(t)]e *9X*N9X). A 
catastrophe is a path leaving 9X. Thus, if 9X is 
the earth's surface, a catastrophe is the event 
of leaving the earth's surface. In the context 
of this model, we may state the counterfact- 
ual hypothesis as follows: 


(1) (as EX )(Ax e «€ «) 


(p is a path from s to xp has a 
catastrophe). It follows that (1) implies * X, * 
is disconnected. Let % be the largest con- 


5In point of fact, Columbus did sail, did not reach 
India, and the earth is not round anyway but ellipsoidal. 
Fikus correctly notes that the facts are irrelevant to a . 
counterfactual argument. 

Chosen as it represents Spain. 
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nected subset of % containing s in the dis- 
crete topology, and * 9j * the one point com- 
pactification of the nonstandard extension of 


Define an individual's state by his position 
in *%* (location) his consumption rate 
ze, and a vector of attributes o & ‘VY.’ 
Thus an individual is an element of * %Y « x 
%.x V. The state of the world is given by a 
vector of individual types, that is, an element 
in AW e X er Vxxx), where P 
indexes all things. 

The evolution of the earth can be given by 
a function Y : R x W [0,1], where ¥(t, W) 
is the probability of W at time t. There is 
some uncertainty in the function determining 
W at the subatomic level, and thus state- 
ments concerning the actual world state have 
some variance. 

Define U to be the projection of W onto 
the United States. Let W, be the actual state 
of the world in the year 2000, and U, the 
projection of Wy on U. Let O(W)= 
Yr (2000, W), given (1, and define 


= f,We(w)asns. 
W 


That is, W, is the expected world state given 
the counterfactual (1). Then we have, if U, is 
the projection of W, onto U: 


THEOREM: In the coarse topology pseudo- 
metric,’ p, 9(U5, U,) = 0. 


PROOF: 
For proof, send $8.99 to Proof, Box 666, 
London, Canada. (Canadians add $6.) 


"There need not be finitely many attributes, although 
this saves on computational costs. 

® The necessity of deriving the nonstandard complex 
measure space * y * is obvious. 

A pseudometric on a space 5 is a function p: SX S 
— § satisfying: 


(a) (vVxesS)(v»eS)(pGx.»)-7 p(y, x) 29); 
(b)  (vxes)(vyes)y(vzes)( pz) 
«px y)* p(y,z)). 


A psuedometric maps leather into those cheesy shoes 
that look like vinyl. 
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This shows that, despite Columbus falling 
off the edge, the United States is on average 
substantially unchanged, relative to the ac- 
tuality. To get a grip on the real implications 
of the counterfactual, the most likely world 
state.was generated, given the counterfactual, 
using FRAPPE, an artificial intelligence pro- 
cedure that simulates the development of the 
world, given an initial state. Some of the 
results we found for this hypothetical world 
are listed in the next section. A full explana- 
tion of the FRAPPE technique can be found 
in my 1983 study. 


II. Results of the FRAPPE 


The FRAPPE is a maximum-likelihood 
forecast procedure that takes as an input the 
initial state of the world and the stochastic 
differential equations governing state trans- 
formation. From this, FRAPPE constructs 
the most likely subsequent state. This is used 
as an input, and the process repeated. To 
find the state of the world on January 1, 
1490, FRAPPE is used in reverse, calculating 
the most likely predecessor to the current 
state. Thus, to calculate the state of the world 
W in 1490, everything about the world is 
inputted as a vector W, with dimension cor- 
responding to the cardinality of the reals. 
Anti-FRAPPE is operáted until the most 
likely initial state in 1490 is found. At this 
point, the initial state is altered so that the 
counterfactual. hypothesis holds. FRAPPE is 
then used to find the world state on January 
1, 2000. Simulations reveal that FRAPPE 
conclusions are insensitive to subatomic sto- 
chastic fluctuations for periods up to 500 
years. Thus, FRAPPE is valid for the ob- 
jective of this paper, but not useful for test- 
ing the Big Bang Theory. 


'0Yn particular, FRAPPE is useful in forecasting hu- 
man events, weather, and the stock market for the next 
several hundred years. For the last reason, FRAPPE's 
mechanics must remain a trade secret. However, the 
details will be published in my 2010 study posthu- 
mously. Unfortunately, the common knowledge of 
FRAPPE would destroy FRAPPE's analytical ability, 
for the same reason undecidability crops up in the 
theory of algorithms, and thus FRAPPE will not be 
exploitable when generally known. 
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To summarize the FRAPPE results, I pre- 
sent a rough chronology of the events follow- 
ing Columbus’ demise. While America is 
virtually unchanged in 2000 A.D., the rest of 
the world is drastically different. 

After Columbus disappeared, rumors ran 
rampant that a Nirvana lay across the sea. 
Hundreds of ships were launched from Spain 
and Portugal to this Paradise, and with each 
ship, the promise of returning exacted. None 
returned, and Spain's power as a nation di- 
minished with this burden on the treasury, 
and the Moors recaptured Spain in 1511. 

Meanwhile, the industrial revolution 
gathered strength in the British Isles and 
Northern Europe. Fed by trade with India 
and China across the land, Italy, Palestine, 
and the Moslem countries prospered. An En- 
glishman, F. Drake, experimented with a hot 
air balloon developed by a friend; the first 
channel crossing occurred in 1604. Without 
the Americas as an avenue of exploration, 
hardy types substituted balloon travel. 
Frustrated at the number of middlemen be- 
tween Europe and China, France and Eng- 
land captured large portions of the Middle 
East in the “Great Balloon War" of 1712. 
This was followed by the “Second Balloon 
War" of 1731, in which the first motorized 
dirigible was used. The leader of the British 
forces, Margaret Attila “the Hen," was de- 
feated at Qum in 1735, and the Europeans 
sued for peace. 

Frustrated in eastward expansion, and 
intrigued by the studies of A. Monrovia con- 
cerning plate tectonics and “floating conti- 
nents,” the English turned their eyes toward 
newly discovered Australia. In a daring ex- 
ploit, a team of Welsh divers unfastened 
Australia from the Pacific rim and, in dead 
of night, sneaked it past Indian and African 
shipping, to fasten it near the edge of the 
earth roughly 1,000 miles off Brittany.!! 

The new “continent of America,” named 
for an aborigine phrase meaning “what?,” 
was first used as a penal colony to house 
former British Lords and French royalty. 


Travelling around the Cape, Australia was acci- 
dently inverted. Thus, the shape of the United States 
was not significantly altered. 
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These individuals eventually revolted, and 
the rest is history. 

The rest of the world is perturbed in the 
FRAPPE analysis. For instance, individuals 
of the Indian subcontinent and native Amer- 
icans were never given the same name, and 


` certain confusions avoided. Moreover, the 


former did not acquire the statistical preemi- 
nence they are noted for, instead becoming 
the world’s foremost proctologists. Japanese 
technical prowess was diverted away from 
electronics, automobiles, and processed 
seaweed toward military exports and grain, 
the latter grown hydroponically in 75-story 
farms. : t 

Certain differences in the United States 
cropped up as well. California, placed next 
to the edge of the world, still had its earth- 
quakes and flakes. However, Baltimore be- 
came an exciting city and a “den of iniquity,” 
instead of the dreary middleclass drudge it is 
today. 


HI. Conclusions and Research Proposals 


This paper demonstrates that, whether 
or not Columbus discovered America, the 
United States would have been relatively un- 
changed. Thus, America is invincible to 
tinkering with history to a degree heretofore 
unsuspected. 

It would be interesting to know if this is 
true in general. That is, is it the case that, for 
all e>0, a 8 7 0 exists so that, if history is 
perturbed by less than 6, then America is 
perturbed by less than e? In this case, 
America would be continuous, and hence 
integrable. One might then wonder if the 
United States converges in probability to 
what it will be, as time diverges. 

Several related topics emerged during this 
analysis. Suppose Ponce de Leon (1513) had 
discovered the Fountain of Youth in Florida. 
Would the South have won the Civil War? 
What would have happened to the sales of 
grits and carpetbags in Boston? 

If the earth had more than one moon, it is 
likely the space race would have turned out 
differently. Indeed, a general solution to the 
m nation n moon problem would shed light 
on certain general equilibrium welfare issues 
raised by Errow (1981). Errow demonstrated 
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that if preferences are homothetic and moons 
are triangular, one should add them up. 

Other industrial questions concern us. 
What would have transpired if one size didn't 
fit all? If your mileage didn't vary depending 
on how you drive? And if contents did not 
settle during shippage, would cardboard be 
elastic? 

Two interesting counterfactual analyses are 
given by Deviant (1970) and Vildeside (1975). 
Deviant considers the effects on scholastic 
aptitude and economic growth if torture had 
become an accepted way of teaching under- 
graduates. Vildeside considers, in a partial 
equilibrium framework, necessary alterations 
in search theory if the searcher's physical 
attributes are endogenous, in the “putty- 
clay" sense. 

Critics of counterfactuals have charged"? 
that, given the inability to forecast the U.S. 
economy even months in advance, and the 
dearth of all but the most coarse data on 
historical events, it is absurd to expect to 
reconstruct how the economy would have 
been if it were different. There are three 
avenues of response to this, two theoretical 
and one practical. First, the inability to fore- 
cast in the modern economy is irrelevant, for 
the economy was simpler in the old days. 
Second, if the data are coarse, one can use 
the coarse topology’? to analyze them. Thus, 
no theoretical impediments exist to applying 
counterfactuals, although it is interesting to 
suppose they did. 

Finally, if there are countably many events, 
there are continuum-many subsets of events 
that can be negated and studied via the 
counterfactual argument. This produces a 
wealth of avenues of inquiry not seen in any 


other discipline.'^ Moreover, counterfactuals . 


fall in the grand tradition of “assuming it 
away." 


Several such charges were made in a made-for-TV 
movie that aired last year. I cannot remember the film’s 
name but it concerned teenage pregnancy. 

if S is a space, the coarse topology is the set 

(6, S). This topology is generated by the pseudometric 
that everywhere vanishes. 

l4For instance, there are merely countably many 
possible mathematical theorems in a countable language 
such as English. 
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Uncertain Innovation and the Persistence of Monopoly 


By JENNIFER F. REINGANUM* 


A topic of long-standing interest in in- 
dustrial organization is the effect of monop- 
oly power upon incentives to engage in in- 
novative activity. More recently, the concept 
of monopoly has been replaced with in- 
cumbency, so that explicit account may be 
taken of the existence of potential (and ac- 
tual) rivals. According to F. M. Scherer: 


There is abundant evidence from case 
studies to support the view that actual 
and potential new entrants play a cru- 
cial role in ‘stimulating technical pro- 
gress, both as direct sources of innova- 
tion and as spurs to existing industry 
members. ...new entrants contribute a 
disproportionately high share of all re- 
. ally revolutionary new industrial prod- 
ucts and processes. [1980, pp. 437-38] 


In a recent paper published in this Review 
(1982), Richard J. Gilbert and David M. G. 
Newbery show that, because an incumbent 
firm enjoys greater marginal incentives to 
engage in R&D (under their assumption of 
deterministic invention), the incumbent firm 
will engage in preemptive patenting. Thus 
the industry will tend to remain monopolized, 
and by the same firm. 

In this paper, I present a model in which 
an incumbent firm and a challenger engage 
in a game of innovation in which the inven- 
tive process is stochastic. I show that when 
the first successful innovator captures a suf- 
ficiently high share of the post-innovation 
market (i.e, when the innovation is suffi- 
ciently revolutionary), then in a Nash equi- 
librium the incumbent firm invests less on a 
given project than the challenger. Under an 
alternative specification, in a Nash equi- 
librium an incumbent firm conducts fewer 


*Associate Professor of Economics, Division of Hu- 
manities and Social Science, California Institute of 
Technology, Pasadena, CA 91125. I thank Ed Green, 
Roger Noll, John Roberts, and Louis Wilde for helpful 
comments. The financial support of the National Sci- 
ence Foundation is gratefully acknowledged. 


parallel projects than would a challenger. In 
either case, the incumbent is less likely to 
patent the innovation than is the challenger. 

The intuition for this result is relatively 
straightforward, at least in the case where the 
first successful innovator captures the entire 
post-innovation market. When the inventive 
process is stochastic, the incumbent firm 
continues to receive flow profits during the 
time preceding innovation. This period is of 
random length but is stochastically shorter 
the greater the firms’ investments in R&D. 
Since a successful incumbent merely “re- 
places himself” (albeit with a more profita- 
ble product), the incumbent firm has a lower 
marginal incentive to invest in R&D than 
does the challenger. — 

Thus this paper provides a theoretical 
model that embodies Scherer’s empirical ob- 
servations: entrants stimulate progress both 
through their own innovative behavior and 
through their provocation of incumbent 
firms. Moreover, in equilibrium they contrib- 
ute a disproportionate share of important 


innovations. I also attempt to isolate the 


causes of the discrepancy between my results 
and those of Gilbert and Newbery, and to 
integrate the two into a coherent theory con- 
sistent with the empirical observations. 


I. Related Literature 


For simplicity, consider a case of cost- 
reducing innovation in an industry with con- 
stant returns to scale. Let Z denote the in- 
cumbent firm's initial unit cost, and let c < Z 
be the unit cost associated with the new 
technology. Let the relevant profit rates be 
R-the current revenue flow to the in- 
cumbent firm; II(c)- the present value. of 
monopoly profits using the new technology; 
also the present value of profits to the cur- 


: rent incumbent if the incumbent receives a 


741 


patent on the new technology; 2,(c) = the 
present value of Nash-Cournot profits to the 
current incumbent firm if the challenger re- 
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ceives a patent on the new technology; and 
mo(c)= the present value of Nash-Cournot 
profits to the challenger if the challenger 
receives a patent on the new technology. 


ASSUMPTION 1: The functions IL (c), v, (c), 
and To(c) are continuous, and piecewise con- 
tinuously differentiable. Moreover, l(c) and 
Tc(c) are nonincreasing in c while m) is 
nondecreasing in c. 


That is, if the incumbent patents the new 
technology, its profits will be lower the higher 
is the unit cost associated with the new tech- 
nology. On the other hand, if the challenger 
patents the new technology (and the in- 
cumbent continues to use the old one), then 
the challenger's profits will be lower and the 
incumbent's higher the higher is the unit cost 
associated with the new technology. 


Definition 1: The innovation will be termed 
drastic if c < cg, where cy is assumed to exist 
and to be uniquely defined as the maximum 
value of c such that v; (c) = 0. 


The important feature of the constant re- 
turns to scale assumption is that if profits are 
zero, so is output. Thus if c< cy, then the 
current incumbent's output will be zero after 
thé challenger patents the innovation. In this 
event, the challenger is a monopolist and 
Tc(c)- Il(c). Note that II(c) > vj(c) 
Tc (c) with strict inequality whenever the in- 
novation is not drastic. 


Remark 1: Since c « €, the present value of 
monopoly profits after innovation II(c) al- 
ways exceeds the present value of monopoly 
profits without the innovation, R /r, where r 
is the discount rate. Furthermore, R/r > 
T;(c) for all c « c This is because R/r = 
II(c) > 7,(€) 2 v;(c) for all c«c by As- 
sumption 1. 


The following example illustrates the pre- 
ceding discussion and Assumption 1. If the 
demand curve is linear, P = a — bQ, then the 
functions above are Il(c)— (a — c)?/4rb, 
m,(c)=(a—2é+c)*/9rb and mc(c)— (a — 
2c + c)?/9rb, whenever the expressions in 
parentheses are nonnegative; otherwise the 
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relevant value for the function is zero. Each 
of these functions is continuously differentia- 
ble except at the point at which the expres- 
sion in parentheses becomes zero, and 
continuity is preserved at that point. The 
innovation is drastic whenever c < cy, where 
à —2€ t c, — 0. From this equality, it is easy 
to see that II(cy) = v«(co) and v;(c9) = 0. 

Gilbert and Newbery argue as follows. If 
the inventive process is deterministic, then 
whoever is willing to bid most for the new 
technology receives the patent first with 
probability 1. The challenger will be willing 
to bid up to v. (c), while the incumbent will 
be willing to bid up to II(c)— m, (c). Since 
II(c) > v; (c) mele), with strict inequality 
for c» cg, the incumbent preemptively 
patents the new technology. Only if the in- 
novation is drastic will the incumbent and 
the challenger invest an equal amount. Con- 
sequently preemption is the Nash equi- 
librium outcome in the bidding game. Thus 
the industry will remain monopolized and in 
the hands of the current incumbent. 

This is clearly true when there is no uncer- 
tainty in the innovation process. The natural 
extension of this result to the case of uncer- 
tain innovation is that the incumbent is more 
likely to patent the innovation tban is the 
challenger In the next section, a simple 


‘Gilbert subsequently argues; "Uncertainty in the 
invention process does not greatly change the determin- 
istic analysis of preemption, provided R and D expendi- 
tures are sensitive to the expected returns and the estab- 
lished firm is no more averse to risk than rivals” (1981, 


` p. 299). In a laudatory comment on the Gilbert paper, 


Richard Craswell continues: "Assuming any form of 
direct relationship between the amount spent on R and 
D and the likelihood of making the invention first, the 
incumbent will end up with the patent more often than 
not, and his monopoly will be maintained. In fact, the 
incumbent will usually end up with the patent even if he 
is less efficient at R and D than are his rivals, so long as 
his inefficiency does not completely negate the ad- 
vantage due to his larger expenditure on R and D" (p. 
212). 

To summarize, Gilbert and Craswell evidently believe 
that the result that the incumbent invests more than the 
challenger extends straightforwardly to the case of un- 
certainty. A somewhat different argument is offered by. 
Gilbert and Newbery in support of the same basic 
claim: "Similar results are obtained when the assump- 
tion of a deterministic patent date is replaced by a more 
general stochastic function which describes the probabil- 
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model is presented which incorporates uncer- 
tainty. It is found that, for drastic innova- 
tions, the incumbent always invests less than 
the challenger, so that the incumbency 
changes hands more often than not. Due to 
the continuity of the equilibrium investment 
rates in the unit cost associated with the new 
technology, there will be an open neighbor- 
hood of cy, representing innovations which 
are not drastic, for which the incumbent still 


invests less than the challenger. In Section : 


HI, I briefly report results from a more gen- 
eral model in which firms are allowed to 
choose both the number of parallel projects 
to undertake, and the rate of investment on 
each project. Again there is a nontrivial set 
of innovations which the incumbent is less 
likely to patent than is the challenger. 


II. A Model Incorporating Uncertainty 


The model developed in this section is a 
generalization of that of Tom Lee and Louis 
Wilde (which is itself based upon a model by 
Glenn Loury) An incumbent and a chal- 
lenger are simultaneously attempting to per- 
fect a particular cost-reducing technology. 
Technological uncertainty takes the form of 
a stochastic relationship between the rate of 
investment and the eventual date of success- 
ful completion of the new technology. If x, 
represents the rate of investment of the in- 
cumbent, and 1,(x,) the random success date 
of the incumbent, then Pr(z;(xj) x t) 21— 
e GD!, for t € [0, oo). Similarly, if x. and 
Tc (Xc) represent the investment rate and the 
random success date for the challenger, then 
Pr(s.(xc) «t) -1— e ^ Go', The expected 
success date for firm i (i= I, C) is 1/h(x,), 
where the function A(.) is the hazard func- 
tion used in much of the recent literature on 
patent races. In particular, following Loury, 
Lee and Wilde, and Partha Dasgupta and 


ity of invention at date T conditional on a particular R 
and D plan. ...The argument is the same as before, 
except that the monopolist has to set up the correct 
number of rival.research teams..." (p. 521). Thus the 
implied claim is that, if allowed to select the number of 
parallel projects to be undertaken, an incumbent firm 
would choose a larger number than would a challenger. 
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Joseph Stiglitz, I assume: 


ASSUMPTION 2: The hazard function h(.) 
is twice continuously differentiable, with h'(x) 
> 0 and h"(x) « 0 for all x € [0, oo). Further- 
more, 


h(0)=0= lim A'(x). 
x-00 


Thus the technology exhibits decreasing re- 
turns to scale. 


Suppose that the new technology is pat- 
entable so that the race ends with the first 
success. The expected profit to the in- 
cumbent for any pair of investment rates 


(xr xc) is 
V!(x,, xc) = f € "e eene» 
0 
x [A(x,)H(c) - A(xc)m(e)-- R — xr] dt 
= [h(x,)H(e) h(x); (c) R - xj] 


J [r+ h(xj) * h(xc)]. 


That is, the incumbent receives II(c) at t if 
the challenger has not yet succeeded and the 
incumbent succeeds at 7; this event has prob- 
ability density h(x,)e 0 *^Go, The in- 
cumbent receives 7,(c) at t if the incumbent 
has not yet succeeded and. the challenger 
succeeds at t; this event has probability den- 
sity h(xc)e Ėt, Finally, the in- 
cumbent receives flow profits of R and 
pays flow costs of x, so long as no firm 
has succeeded; this event has probability 
e (C GD*hGc)t. 


The challenger's payoff is analogous. 
VC(x,, xc) f eretara 
0 
x [h(xc) ncc) xc] dt 
= [A(xc)nc(c) - xc] 


J [r* h(x) h(x). 


The differences between these payoffs arise 
from the incumbent’s current profit flow and 
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the fact that it shares the market in the event 
of successful innovation by the challenger. 


Definition 2: A strategy for the incumbent 
(challenger) is an investment rate x;(x;). 
The payoff to the incumbent (challenger). is 
V'(x,, Xc MV x7, xc). 


Definition 3: A best response function for the 
incumbent is a function ¢,:[0, 00) — [0, oo) 
such that, for each xc, V'(ój(xc), xc)» 
V!(x, xc) for all x, € [0,oo). Similarly, a 
best response function for the challenger is a 
function ġc:[0, 00) — [0, 00) such that, for 
each xj, V€(xy, éc(x5)) 2 V (xr xc) for all 
xc € [0, oo). The best response functions will 
also depend upon the parameters (c, R). 


Definition 4: A strategy pair (xf, xž) is a 
Nash equilibrium if xf —4,(x&) and x&— 
$c (x}). That is, each firm's investment rate 
is a best response to the other's. 


The proof of the following proposition can 
be found in the Appendix. 


PROPOSITION 1: if '(0) 2 max(1/[II(c) 
—R/r])l/sc(c), then. there exists a best 
response function? for the incumbent 
$;,(xc; c, R) which satisfies the first-order 
condition 9V'($,, xc)/ðxr=0 and the sec- 
ond-order condition 0? V'($,, x.)/0x2 <0. 
The function $,. is continuously differentiable 
in its argument xc and continuous in the 
parameters c, R. Similarly, there exists. a best 
response function for the challenger $c(x;; c) 
which satisfies - the analogous first- and 
second-order conditions, and. is continuously 
differentiable in its argument x, and continu- 
ous in the parameter c. Moreover, there exists 
a pair of Nash equilibrium strategies xT(c, R) 
and xé(c,R); each is continuous in the 
parameters c, R. 


? The hypothesis of this proposition ensures that each 
firm's payoff function is initially nondecreasing in that 
firm's investment level. Without this assumption, it is 
possible that the firm may have two (widely separated) 
best responses. 
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The first-order conditions which implicitly 
define the best response functions are 


(1) 3V'(6;, xc)/ Ax, « [r+ hlor) 
+ h(xc)] [^'(9,)I1(c)- 1] 
- [1C Ii(o)-- h(xc) mc) 
+R- ġr]h'(ġr)=0; 
(2) 3V (xr, ġc)/ðxca [r +h(x;) 
* h(&c)] [t (8c) ne Ce) - 1] 
—- [^ ($c) wc (c) - $c] (4c) = 0. 


: Rearranging terms and noting the defini- 
tions of V'($;, xc) and V*(x;, $c) yields 


(3) | 
V'(6j, xc) = [¥ (41) o) -1]/ rle); 
(4) 5 Ae 

V*(x;,$c) = [W (c) neo) 1] / r(e). 


Remark 2: Since the individual firm payoffs 
must be nonnegative, particularly when the 
firms play. best responses, it follows that 
h'($)11(c)—1> 0 and &'($:) m (c)-12 0. 


LEMMA 1: 9ó;(xc; c, R)/0x~ » 0 and 


Ooc(xy; c)/ Ox, > 0. Thus the existence of the 
challenger provokes the incumbent to invest 
more than it otherwise would on the innova- 
tion. 


PROOF:. 
By the implicit function theorem, 


0$; / 0x. => [2?vV'(6,, Xc)/9xc ax;| 
/ I9 v*(6,, x¢)/ax}]. 


The denominator is negative by the second- 
order condition. The numerator is 


- Gc) Dire) Ie) - m C))-1] 
zi h'(x¢)h'(,)[V"(4,, Xc)- m(c)] 
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by equation (3). Since $; is a best response to 

Xo: V(oj, Xxc)2 V0, xc) but vi, Xc)- 

m(c)=[R—ra,(c)|/[r + h(xc)]>0 by Re- 

mark 1. Thus V/($;,x¢)—,;(c)>0 for all 

Xc. 1t follows that 0¢,/0x¢ > 0 for all x... 
By the implicit function theorem, 


Ob¢/ Ox, = — [9?V*(x,, $c)/x, axe] 


VALAA E $c)/2x2] . 


The denominator is negative by the second- 
order condition, while the numerator is 
— h'(x,)[h'(oc)%(e)— 1], which is nonposi- 
tive by Remark 2. 


LEMMA 2: If the innovation is drastic and 
R> 0, then $, (x; c, R) € $¢(x; c) for all x, c. 


PROOF: 

Recal that if the innovation is drastic, 
Tc(c) 7 II(c) and 7;(c) — 0. Then the only 
difference between equations (1) and (2), 
which implicitly define the best response 
functions $, and ¢,, is the term R, represent- 
ing current profit flows to the incumbent 
firm. If R = 0, and the innovation is drastic, 
then $;(x; c,0) = $c (x; c) for all x, c. Again 
using the implicit function theorem, we see 
that 


3pr/IR = - [9?V'(o;, x)/8R àx,] 


/ [9v (9, x)/àxi]. 


Since the denominator is negative and the 
numerator is Á'(ó;) which is positive, we 
have $j(x; c, R) < d(x; 60) = dc(x; c). for 
all R > 0, and all x, c. 


PROPOSITION 2: Jf the innovation is dras- 
tic and R > 0, then in a Nash equilibrium, the 
incumbent invests less than the challenger; 
that is, xf (c, R) < x&(c, R). 


PROOF: 

Suppose, contrary to the proposition, that 
xf(c, R) 2 x&(c, R). Then Lemmas 1 and 2 
and the definition of a Nash equilibrium 
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imply that 
xt(e, R) = éc(xt e, R); c) 
> éc(x&(c, R); c) 
> éf(x&(e, R); c, R) = xt(e, R). 


But this is a contradiction. Thus xf(c, R) « 
x(c, R). 


COROLLARY 1: Jf R> 0, then there exists 
an open neighborhood of cy (which may de- 
pend on R), denoted N(co; R), such that if the 
technology i$ not drastic, but c € N(cg; R), 
then xT(c, R) < x£(c, R). 


PROOF: 

This follows immediately from Proposition 
2 and the continuity of the Nash equilibrium 
investment rates x7(c, R) and xé(c, R) in 
the parameter c. 


Thus I have concluded that for sufficiently 
radical innovations (ie., for technologies in 
the set N(co; R)), it is precisely the assump- 
tion of certainty vs. uncertainty which is 
responsible for the discrepancy between my 
results and those of Gilbert and Newbery. 
To see the economics of the issue, consider 
what happens in my model with drastic in- 
novation if the incumbent were to consider 
investing a tiny bit less. It would suffer a 
slightly increased. probability of losing the 
patent to the challenger and a slightly de- 
creased chance of collecting the patent itself, 
but would spend a bit less and would receive 
the flow revenue R stochastically longer. The 
challenger, by investing a bit less, suffers a 
slightly increased probability of losing the 
patent to the incumbent and a slightly de- 
creased probability of collecting the patent 
for itself; on the other hand, it spends a bit 
less. Since it does not collect any additional 
current revenue, its marginal benefits due to 
investing a bit less are lower than those of 
the incumbent, and hence in equilibrium the 
challenger invests more than the incumbent. 
Consider the same question under the as- 
sumption of certainty. What happens in the 
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certainty model if the incumbent were to 
consider investing a tiny bit less? If the in- 
cumbent still invests more than the chal- 
lenger, then the incumbent collects revenues 
R with probability 1 and suffers no threat of 
losing the patent to the challenger. If the 
incumbent was investing less than the chal- 
lenger, then further reductions have no im- 
pact on their profits. The only important 
case is when the incumbent considers re- 
ducing its investment from above that of the 
challenger to below that of the challenger. 
This results in the incumbent receiving R for 
an infinitesimally short additional time, and 
losing the noninfinitesimal difference be- 
tween the present values of monopoly profits 
and Nash-Cournot profits when the chal- 
lenger patents the new technology. Conse- 
quently, the incumbent is always willing to 
invest more than the challenger when the 
innovation process is deterministic. 


HI. A Model with Parallel Projects 


In this section, I report briefly on a model 
in which firms are allowed to select both the 
number of parallel projects to undertake, 
denoted n; and nç for incumbent and chal- 
lenger, respectively, and the rate of invest- 
ment on each project, x, and xç, respec- 
tively? The conjecture is that the incumbent 
is more likely than the challenger to patent 
the innovation. However, it can be shown 
that both firms will select the same level of 
investment per project; that is, xf = xt. Thus 
each firm varies its “scale” by choosing the 
number of (statistically independent) pro- 
. jects. Moreover, it can be shown that if the 
innovation is drastic and R > 0, then n7 < n@; 
that is, the incumbent invests in fewer paral- 
lel projects than does the challenger. Again 
by the continuity of these equilibrium strate- 
gies in the parameters R,c, there exists an 
open set of innovations which are not dras- 
tic, for which the incumbent still operates 


3Since it would seem to add little to the essential 
intuition of the previous section, the analysis of this 
more general model is not included here; a technical 
appendix to this paper which contains the analysis of 
this more general model is available from the author 
upon request. 
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fewer parallel projects than does the chal- 
lenger. 

Thus the alternative form of the conjecture 
is also false for an open set of innova- 
tions—those which are sufficiently revolu- 
tionary. It fails for essentially the same rea- 
son as before; the incumbent has a lower 
marginal incentive to hasten the date of in- 
novation, since it continues to receive the 
flow profit R until innovation, while the 
challenger does not. 


IV. Conclusion 


It seems clear that the assumption of cer- 
tainty in the inventive process is not an 
innocuous one, particularly when one com- 
pares the policy implications of these two 
models. The Gilbert-Newbery model sug- 
gests that one ought to be very worried about 
the development of entrenched monopolies 
via preemptive patenting, This study suggests 
that one can reasonably worry far less on 
this score when the inventive process is sto- 
chastic. 

It seems reasonable that the degree of cost 
reduction and the degree of associated uncer- 
tainty are related. That is, more drastic in- 
novations may also be subject to greater 
uncertainty. Thus one can reconcile the 
Gilbert and Newbery paper with Scherer's 
Observations by suggesting that the certainty 
model is most appropriate for incremental 
innovations. 

Of course, the models discussed in this 
paper also rely upon simplifying assump- 
tions. The assumption of constant returns to 
scale in the output production function is 
particularly useful, since it allows us to use 
simple parametric expressions for the post- 
innovation profit functions. Taken together, 
this paper and that of Gilbert and Newbery 
indicate that the influence of monopoly 
power on the persistence of monopoly is 
considerably more complicated than either 
paper taken alone might suggest. 


APPENDIX: PROOF OF PROPOSITION 1 
The method of proof is as follows. I first 


show that there is a finite investment level 
for each firm such that the firm's best re- 
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sponse never exceeds this level, regardless of 
its rival’s investment. Then we can restrict 
the firm to strategies within this interval 
without any loss of generality. Next it is 
shown that the firm's payoff function is single 
peaked in its own investment level, and 
reaches this peak on the aforementioned 
compact interval. Finally, we need to show 
that this peak is a stationary point and that 
the payoff function is locally concave at this 
point. This suffices to define the firm's best 
response function. A fixed-point argument 
completes the proof. 


av"/ ax, = [À'(x,»)(V(c)r — R - h(xc) 
x (II(c)— m(c))* x) - B]/B’, 
where B — r + h(x,)+h(x¢). Let 


fixi Xe) = h'(x,)[I(c)r -R-*h(xc) 
x (II(c) - m(e))- xj] - B. 


Note that sgn ôV1/ 3x; = sgn fj. Under the 
assumption that A'(0)2 max(1/(II(c) — 
R/r),1/mc(c)}, it can be seen that /,(0, xc) 
> 0 for all xç. Moreover, f;(%,(c, R), xc) « 0 
for all xc, where 


£,(c, R) = min(x €[0, oo)|A'( x) 
< min(1/(II(c)— m,(c)), 
1/(1I(c)- R/r)}}. 


This value exists and is finite since 
lim, h'(x) = 0. Since 
Of, / Ox, = h"(x,)|I(c)r -R+ h(xc) 
x (II(c)- qc) xj] 


is strictly negative, the function V? is first 
increasing, eventually peaks, and subse- 
quently declines. Consequently, V? is single 
peaked and reaches its peak at or before 
$j(c, R) for all x¢. 

The value of x, which provides the peak is 
$j(xc; c, R), the unique best response for 
the incumbent to xc. Moreover, since V! is 
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twice differentiable in (x;, xç) and continu- 
ous in (c, R), and since 


9?V'(9,, xc)/0x? = h"(oj)|(c)r - R 
t h(xc)(II(c)— m; (c))4- 9;]/8? <0, 


$6, is implicitly defined as a continuously 
differentiable function of x, (and a continu- 
ous function of (c, R)) by the first-order 
condition 0V!/0x, — 0. A similar argument 
establishes the analogous result for ¢,. 
Define the composite function w = 
$r ° &c:[0, 4; (c, R)] > [0, £,(c, R)] (holding 
c and R fixed). The function w(x; c, R} is 
continuously differentiable in x on a com- 
pact, convex and nonempty domain. Hence 
it has a fixed point xf(c, R) by Brouwer's 
theorem; that is, there is a point xf(c, R) 
such that w(x#(c, R); c, R)- xf(c, R) - 0. 
Under the assumption that x7(c, R) is 
not a critical point of e(x;c, R)- x (i.e., 
dw(x7(c, Ry; c, R)/0x 1), there exists a 
neighborhood of c in which the implicit func- 
tion x#(c,R) is continuous (see Magnus 
Hestenes, p. 22, Theorem 7.1). Let xé(c, R) 
= óc(xf(c, R); c). The strategies x7(c, R) 
and x&(c, R) constitute a Nash equilibrium, 
and they are continuous in the parameter c. 
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Plea Bargaining and Social Welfare 


By GENE M. GROSSMAN AND MICHAEL L. KArz* 


It is estimated that over 90 percent of 
convictions in criminal cases in the United 
States result from a negotiated plea of guilty.! 
It is imperative, therefore, that social scien- 
tists and lawyers study the practice of plea 
bargaining to gain an understanding of the 
role that it plays in the functioning of the 
American legal system, and to evaluate its 
implications for social welfare. The tools of 
economic analysis are particularly well suited 

: to this endeavor, a$ the plea bargain is simi- 
lar in form to a voluntary commercial trans- 
action. 

Previous studies of plea bargaining by 
economists have focused primarily on its 
conservation of economic resources. For ex- 
ample, William Landes (1971) considers the 
conditions under which the plea bargain ben- 
efits (in expected utility terms) both the pros- 
ecutor and the defendant, assuming that trial 
involves considerable material input from 
both parties. Richard Adelstein (1978) ex- 
tends the Landes analysis to incorporate the 
time-related costs of trial proceedings. These 
authors conclude, as did Newman, writing 
from a different perspective, that the more 
costly in financial terms is atrial conviction, 
the more economically efficient is the plea 
bargain. 

While the conservation of resources de- 
voted to the legal system undoubtedly is an 
important objective, this justification of pleà 
bargaining raises some difficult constitu- 
tional problems.? In this paper, we study two 


*Department of Economics, 113 Dickinson Hall, 
Princeton University, Princeton, NJ 08544. We thank 
Richard Adelstein, Avinash Dixit, Jean Baldwin Gross- 
man, Carl Shapiro, Steven Shavell, and' Marilyn Simon 
for helpful comments. 

!Sce Donald Newman (1966). Thomas McCoy and 
Michael Mirra (1980) cite J. Kaplan (1977) as obtaining 
a similar finding. 

?McCoy and Mirra have argued that the due process 
clause of the 14th amendment prohibits the state from 
penalizing an individual for the exercise of a constitu- 
tional right,. where “penalty” has been interpreted to 
include the withholding of a reward (for example, a 


additional benefits derived from plea bar- 
gaining that are not subject to these prob- 
lems, and that have been neglected. First, the 
plea bargain acts as an insurance device for 
both the innocent defendant and the state? 
One mandate of the judicial process in the 
United States is to ensure that the innocent 
are not wrongly punished. This fact generally 
has been regarded as an argument against 
plea: bargaining, since the innocent defen- 
dants may be led by lenient punishment 
falsely to plead guilty. Although such erro- 
neous convictions certainly are costly in terms 
of social welfare, so too are cases in which 
the trial process produces incorrect findings. 
When such cases do occur, the penalties im- 
posed will be more ‘severe than the plea 
bargain, and the social costs will be larger. 
Weé argue, therefore, that the constitutional 
mandate to protect the innocent should be 
interpreted to imply that the state's interest 
where an'innocent defendant is concerned is 
identical to that of the individual. This tenet 
forms the basis for the prosecutor's objective 
function in our model. 

Another mandate of the legal system is to 
punish the guilty appropriately. Again, le- 
nient plea bargains impose social costs. But 
so too do.cases in which the guilty are 
acquitted wrongly. A risk-averse society will 
prefer a sure conviction of the guilty under a 
range of somewhat more lenient terms to the 
inherently risky process of litigation. 

The second, and perhaps more novel, role 


. of the plea. bargain that we emphasize is its 
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role as a screening device. The legal system is 


lenient sentence) for the exercise of a right (for example, 


the right to: trial. The authors then argue that the 
Supreme Court has ruled that a reduction in the state's 
expenditures is not a sufficient benefit to offset the 
imposition of a burden on the exercise of a fundamental 
right. j 
Landes does incorporate risk-averse defendants. 
However, he neglects the implications of the possible 
existence of innocent defendants, and he adopts a pros- 
ecutorial utility function that is different from ours. 
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fundamentally characterized by asymmetric 
information; the accused know whether they 
are guilty, while the prosecutor never can be 
certain about a given defendant's guilt or 
innocence. In this environment, the plea 
bargain often can be chosen to serve as a 
self-selection mechanism. By. doing so, it 
contributes simultaneously to the accuracy of 
the legal process (by inducing the guilty to 
identify themselves) and to ensuring that vio- 
lators of the law are indeed punished.* 

To highlight these two arguments in favor 
of plea bargaining, and to show how power- 
ful they potentially are, we will ignore com- 
pletely the resource cost of the legal system 
and will significantly simplify the bargaining 
problem associated with the negotiation of 
the plea. 

The paper is organized as follows. In Sec- 
tion I, we discuss the appropriate specifica- 
tion of the social objective function. We also 
briefly consider the implications of our model 
in the case where all defendants actually are 
guilty. We show that if either the defendant 
or society is risk averse, then the plea bargain 
is socially beneficial as an insurance device. 

The heart of our analysis is contained in 
Section II, where we assume that some pro- 
portion of the defendants are not guilty, that 
all defendants are equally risk averse, and 
that the prosecutor cannot identify the truly 
innocent.’ We show that for some parameter 
values, the optimal plea bargain acts as a 
screening device, such that only those who 
are actually guilty so plead, while the in- 
nocent choose instead to engage in trial. 
Furthermore, if the prosecutor also has in- 
fluence over the penalty imposed upon con- 
viction at trial, the optimal plea bargain al- 
ways serves this “separating” function. 

In Section HI, we show that these results 
may be too sanguine. When the assumption 
that all defendants are equally risk averse is 
relaxed, we find that the social usefulness of 
the plea bargain may be diminished. Intui- 
tively, this is because innocent but highly 


“In the words of McCoy and Mirra, the plea bargain 
so utilized satisfies the test of “procedural due process.” 

5Presumably, if the prosecutor acting in the state's 
interest could make this distinction, he would not press 
charges against the innocent. 
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risk-averse individuals may be behaviorally 
indistinguishable to the prosecutor from 
those who are guilty but less risk averse. The 
state’s optimal policy still involves some plea 
bargaining, but complete separation is no 
longer attainable. In general, some innocent 
may be led to plead guilty, while other, truly 
guilty defendants. fail to identify themselves 
as such. 


.I. The Legal Process: A Model 


A basic assumption throughout our analy- 
sis is that both the defendant and the pros- 
ecutor behave rationally, in the sense that 
each acts to maximize an appropriately de- 
fined utility function. The defendant, guilty 
or innocent, wishes to minimize his punish- 
ment. Let p represent the punishment in 
whatever units are natural, and define the 
defendant's utility function as U( p). We 
normalize so that U(0) — 0, and we assume 
U' « 0 and U" « 0 (i.e., the defendant is risk 
averse). 

In: choosing a form for the prosecutor's 
objective function,. we depart significantly 
from previous studies in two ways. First, we 
assume that the prosecutor acts entirely in 
the state's interest, so as to maximize. the 
welfare of society.$ Second, we argue that the 
social welfare function must incorporate not 
only utility losses associated with type II 
errors (i.e., failure to accurately identify and 
appropriately punish guilty actors), but also 
those associated with type I errors (i.e., un- 
justified conviction of innocent defendants). 
Indeed, it is the latter source of error that 
forms the basis for all constitutional require- 
ments of due process in the criminal proce- 
dure. ' 

In the case of an innocent party, it seems 
plausible that the state's interest should 
coincide with that of the individual. The loss 
to the individual deriving from erroneous 
punishment, which we have written as U( p), 


ŚIf the effort of the prosecutor is not perfectly ob- 
servable by his superiors, then a principal-agent problem 
may result (see, for example, Bengt Holstrom, 1979, and 
Steven Shavell, 1979), The prosecutor's behavior then 
would depend on the incentive structure that he faced. 
This interesting possibility is not considered here. 
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FIGURE 1. SOCIAL WELFARE DERIVED FROM 
PENALIZING THE GUILTY 


is ‘a loss from society's perspective as well." 
Naturally, where a guilty defendant is con- 
cerned, the interests of the state diverge from 
those of the individual. Here we adopt the 
construct of *a penalty that fits the crime"; 
that is, a single measurable penalty p that 
society deems most appropriate given the 
statutorily defined misconduct.) Social wel- 
fare then is a function of the deviation of the 
actual penalty from the most-appropriate 
penalty, given by V(p — p). This function, 
which is depicted in Figure 1, achieves its 
maximum value at p — p. Society is assumed 
to be risk averse, that is, V" « 0. 

We assume that the prosecutor does not 
know ex ante whether a particular individual 
is guilty or innocent, but that the prosecutor 
can estimate from experience the fraction, A, 
of guilty defendants in the total population 
of indictees. When all defendants receive 
penalty p, expected social welfare W can be 


7One might even argue further that the disutility to 
the state derived from erroneous convictions of innocent 
defendants exceeds the disutility to the individual in- 
volved for two reasons: first, the state may have a 
concern for the integrity of the system; second, punish- 


ment may involve a direct resource cost. The inclusion: 


of such considerations would not alter our analysis in 
any fundamental way. 

*In some cases, for example when damages are mea- 
surable in financial terms, this construct may be concep- 
tually well defined. In many other cases, the construct 
will be less well defined and will reflect prevailing views 
in the field of penology. 
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written as 


(1) W-AV(p-p)*t(u-X)U(p). 


Consider now the legal process, which in- 
volves either a pretrial settlement or a trial 
proceeding. In reality, plea bargaining Is just 
that: a negotation that may involve give and 
take, the result of which will depend on the 
relative strengths of the bargaining positions 
and the abilities of the attorneys involved. In 
order to concentrate on other aspects, we 
simplify this process considerably by assum- 
ing that the prosecutor makes a single, take- 
it-or-leave-it offer. Some justification for this 
assumption derives from the fact that the 
prosecutor is involved in the bargaining game 
a large number of times, and in this game a 
reputation for toughness is a valuable asset. 
The defendant, by contrast, only engages in 
the bargaining game infréquently.? Reality is 
further complicated by the fact that the pros- 
ecutor does not have legal authority to de- 
termine the final sentence. Although the 
prosecutor can influence the penalty signifi- 
cantly by recommendation of a lenient 
sentence, or by a reduction in charges, ulti- 
mate discretion lies solely with the judge. 
Nonetheless, we assume here that the pros- 
ecutor can offer a guaranteed penalty of p,. 

The defendant may accept this offer, or 
opt for a trial. Each trial is fully char- 
acterized by a probability of conviction, 6, 
and a penalty imposed following a finding of 
guilty, p,; While remaining agnostic on the 
accuracy of the courtroom procedure, we do 
assume that a trial does have some incremen- 
tal value in determining the truth. Operation- 
ally, this assumption implies that the proba- 
bility that a truly guilty defendant will be 
found guilty, 6,,, exceeds the probability that 
an actually innocent defendant. will be con- 
victed, 6,,..° We further assume that the 


?David Kreps and Robert Wilson (1980) employ a 
similar argument in their analysis of a monopolist who 
is.confronted in successive periods by a-set of potential 
entrants into its industry. 

V Our notation is as follows: the first subscript refers 
to the true state of the defendant; the second refers to 
the finding at trial. It follows that 6,; = 1 — gg, 0;;—1— 
6,2, and 0,7 0,;. The subscripts g ‘and i refer to guilty 
and innocent, respectively. 
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prosecutor and defendant have identical as- 
sessments of these subjective probabilities.!! 
Of course, the defendant is aware of his true 
state, that is, whether he is guilty or in- 
nocent. 

Let us define the certainty equivalent offer, 
c; for j = g, i, as the guaranteed-penalty offer 
that leaves an individual who is actually of 
type j just indifferent between exercising the 
right to trial and not. Then, by definition; 
Q2) U(e)-64(m) J58 i 
, Finally, we entertain two possible assump- 
tions regarding the value of p,, the penalty 
imposed upon conviction. First, we may sup- 
pose that societal notions of “fairness” will 
dictate that p, = P, the most-appropriate 
penalty for the crime. However, it can be 
shown that this penalty is not, in general, 
socially optimal. We consider therefore the 
alternative possibility that .the posttrial 
sentence is chosen by the prosecutor along 
with the plea bargain offer to maximize so- 
cial welfare. This may be plausible if the 
prosecutor has considerable discretion over 
which charges to press, as is common in 
cases where several statutes have been 
violated. 

In the remainder of this section, we ex- 
amine the role of the plea bargain as in- 
surance. To highlight the insurance role as 
one separate from that of sorting, we consider 
the model under the assumption that all de- 
fendants are guilty.’ The forces identified in 
this section remain present in the more re- 
alistic cases considered in the main part of 
our analysis, where there are both innocent 
and guilty defendants. 

"This assumption is based on recognition of -the 
constitutional requirement for the state’s provision -of 
information. The Supreme Court has ruled in U.S. v. 
Agurs, 427 U.S. 97 (1976) and Brady v. Maryland, 373 
U.S. 83 (1963) that the defendant must be fully in- 
formed of all evidence available to the-state, and of the 
facts needed by the state to establish the case against 
him, prior to the arraignment and choice of a plea. It is 
illegal for the prosecutor to conceal or falsify evidence 
in plea negotiations, as it would be to do so in. trial. 

?When all defendants are assumed to be guilty, our 


model is essentially a special case of the one studied by 
Landes. 
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Suppose now that A =1 (i.e., all indictees 
are guilty). We will show that, given any 
arbitrary trial penalty, there is a plea bargain 
that yields a higher level of social welfare 
than is attained by trial. 

` The expected utility from trial is 


bss) V (P). 


Since society is risk averse (i.e, V is a con- 
cave function), 


W,< V [4,5 P- p)*(1— 9,2) P] 
= Y(p- 0, D.) 


Now suppose the prosecutor offers a plea 
bargain with penalty p,. The offer will be 
accepted by defendants if and only if p, « c,. 
There are two cases to consider. 

(i) If p, is set such that c, « p, let the 
prosecutor choose p, — c,. By the concavity 
of U, U(c,) = 6;,U( p) < UG sg Pi). Hence c, 
> zzp That is, the certainty equivalent 
penalty is larger than the expected penalty 
obtained through trial. The expected social 
welfare attained by this plea bargain is 


26, V(P- p)*(1- 


G) W,-Y(p-e)*2V(P-6,p)*W. 


(ii) If the trial penalty is so large that 
the certainty equivalent offer exceeds the 
most-appropriate penalty, then the prosecu- 
tor can offer the penalty p as a plea bargain 
and, with all defendants actually guilty, this 


outcome is the optimum optimorum. 


To summarize, when all defendants are 
guilty, the plea bargain can be used to achieve 
a level of social welfare greater than that 
attainable through trial. This is because with 
full information available to the prosecutor, 
the trial can only add randomness to the 


legal system, which both the defendant and 


society generally would wish to avoid. Note 
that the plea bargain considered above is the 
socially optimal offer. A higher offer either 
would not be accepted or would exceed the 
most appropriate penalty, while a lower one 
would needlessly provide surplus to the guilty 


party. 
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Il. The Plea Bargain as a Screening Device 


Now let us suppose, more realistically, that 
only a fraction of those who are indicted are 
in fact culpable. The prosecutor can estimate 
À, but cannot identify those who are actually 
guilty. We assume in this section, that all 
individuals, guilty or innocent, are equally 
. risk averse. This turns out to be an important 
assumption, as we will demonstrate in Sec- 
tion III. 

Consider once again the settlement offer 
Pa 7 c,.? We call this offer the “best sep- 
arating plea bargain.” It is “separating,” be- 
cause only the guilty will accept such an 
offer; the innocent will opt for trial if faced 
with any plea bargain offer greater than c;, 
and c, c, Among the set of separating 
offers, "namely those between c; and c,, the 
offer p, — c, is “best,” because it extracts a 
penalty from the guilty that is closest to the 
Social norm. 

Let W, be expected social welfare achieved 
by the best-separating plea bargain, that is, 


(4) W, E AV(p— c,) (1 i À)64U( p,). 
Compare this level of welfare with expected 
social welfare level when all defendants go to 
trial, 
(5) W, = M,,V(p — p,)- A(1— bpe) 

x V(p)* 0 - 3)84U( p.). 
Clearly, W, > W, if and only if 
Y(p— cy) > &,V(P— p)«(1 7 b) VCP). 


But this comparison is the same one made 
earlier to show that the plea bargain domi- 


nates the trial procedure when all defendants ` 


are guilty. We thus have established the fol- 
lowing proposition. 


PROPOSITION 1: If all defendants are 
equally risk averse, the best separating plea 


Tn order to simplify the exposition, we henceforth 
assume that c, « p. We otherwise could proceed as 
above with p, = min(c,, p), and the argument could be 
made rigorously for thé most general case. 
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e u* STRENGTH OF 
: THE PENALTY 


FIGURE 2. SOCIAL WELFARE DERIVED FROM 
A UNIFORM PENALTY 


bargain dominates no plea bargaining (i.e., 
court proceedings for all defendants). 


An immediate implication of this proposition 
is that the optimal plea bargain always ex- 
tracts a guilty plea from all the truly guilty 
defendants. 

Is p, — c, the optimal policy for the pros- 
ecutor? Am alternative policy is to offer a 
plea bargain that is accepted by both in- 
nocent and guilty defendants. Such an offer 
is said to be a “pooling” or *nonseparating" 
policy. Let u be a uniform punishment that is 
imposed on innocent and guilty alike. Social 
welfare associated with u is W,, and given by 


(6 W,=AV(p—u)+(1—A)U(u). 


Among the set of uniform punishments, the 
best (which we shall denote u*) is the one 
that maximizes (6). The first order condition 
for this maximization (assuming u* > 0) is 


(7) U'(w)/V(p-u*)-1/(0—2). 


The second-order sufficiency condition is 
satisfied, because Wy’ = AV" -- (1— A)U" <0. 
Social welfare as: a function of u is depicted 
in Figure 2. 

If the solution to (7) yields u* c, (as 
drawn in Figure 2), then an offer of u* as a 
plea bargain would be declined by innocent 
defendants. Thus, it would not be feasible as 
a pooling plea bargain. Among feasible pool- 
ing offers (i.e., those less than or equal to c;), 
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we see from Figure 2 that p, — c; is best. But 
this plea bargain is clearly inferior to the best 
separating offer, which yields the same utility 
for innocent defendants (recall that c; is the 
certainty equivalent) and provides a more 
appropriate penalty for the guilty. 

Suppose, instead, that the solution to (7) 
yields u* € (0, c;), and consider the case in 
which the trial penalty is set equal to the 
most-appropriate penalty, that is, p,=.p. 
Then since u* is now feasible as a pooling 
plea bargain, it is the best among this set of 
policies and results in welfare of W, = AV( p 
— u*)- (1 — A)U(u*). We cannot rule out the 
possibility that this level of welfare is larger 
than that achieved by the separating plea 
bargain, W, = \V(p—c,)+(1— A)6,UC P). 

Two offsetting forces are at work in this 
comparison. The separating plea bargain ex- 
tracts a larger and socially more appropriate 
penalty from the guilty than does the pooling 
plea bargain. But the separating plea bargain 
also yields a lower level of utility to the 
innocent defendants, who face the possibility 
of incorrect conviction through trial and the 
concomitant high penalty. The fact that de- 
fendants self-select implies that innocent de- 
fendants must be better off under the pool- 
ing plea bargain, since the option of going to 
trial remains open when the pooling offer is 
made. Thus, the greater is the social loss 
associated with incorrect convictions, the 
greater the proportion of truly innocent per- 
sons among defendants, and the less effective 
is the trial process in identifying the true 
state of the defendant, the more likely it is 
that the pooling plea bargain is superior to 
the separating plea bargain.'^ We summarize 
our findings as follows. 


PROPOSITION 2: Assume all defendants are 


equally risk averse, and that p, — p. Let u* be 
the best uniform penalty, irrespective of feasi- 


14To verify the second claim, note that 
4(W, — W,)/dd= [VB - 4)-V(p - w)] 
+[U(u*)—6,,U(p,)] 2 [V(2 - 4)- VC7 - »")] 


*[U(s)- 64U( »)] ^ V(7 - e)- V(g — u*) > 0. 
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bility as a plea bargain. Then (i) if u* > c, the 
optimal plea bargain is the best separating 
offer, c,. Gi) If u* € (0, c;) the optimal. plea 
bargain is either the best separating offer or 
the pooling offer, u*. 


The prosecutor might not, however, take 
the trial penalty as given, as we have as- 
sumed above. He may instead be able to 
influence the sentence imposed upon convic- 
tion at trial through variation in the charges 
that are pressed. Let us suppose then, for 
purposes of comparison, that the prosecutor 
is capable of determining p, and does so 
optimally. This extra flexibility proves to be 
qualitatively important for the determination 
of the prosecutor's optimal policy. 


PROPOSITION 3: If all defendants are 
equally risk averse, and if the prosecutor 
chooses both p, and p,, then social welfare is 
maximized by a separating plea bargain. 


PROOF: 
The best separating policy solves 


(8) 
W, = max AV( p — py) * (1- A)64U( p.) 
Pi Pb 
subject to 
6,,U( Pi) < U Pp) < biU p). 
Since p, « p, it is best to extract as large a 
penalty as possible from the guilty. There- 
fore, the constraint can be written 6,,U( p,) 
— U( p,) < 6,U( p,). Substitution yields the 


unconstrainted maximization 


(9) W= max AV( p— ps) 
b 


+ (1 ui `)O UC p;)/0,,. 

The best pooling policy solves 

(10) W, = max AV(P— pp)+(1— A) UC py) 
E 

U(p,) < 6,U( p,). 


Since U( p,) « 0 and 6;,/6,, «1, it follows 
that W, > W,- 


subject to 
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The intuition for this result is as follows. 
Suppose we begin with any pooling policy, 
so that both innocent and guilty accept the 
prosecutor's settlement offer. Now consider 
a lowering of the trial penalty p, by the 
prosecutor. Initially this has no effect, so 
long as neither party opts for trial. A critical 
p, is eventually reached such that the innocent 
will choose trial over the existing plea offer 
(recall that c; « c,). Further reduction in p, 
within some range strictly raises social 
welfare, because it raises the utility of the 
innocent without affecting the penalty im- 
posed on the guilty. We can always construct 
in this way a separating policy that is supe- 
rior to any given pooling policy. 

To summarize the conclusions of this sec- 
tion, we have shown that the plea bargain is 
a valuable social policy when the legal sys- 
tem is characterized by imperfect informa- 
tion. Its usefulness derives from its role as an 
insurance device, and its potential role as a 
screening device. When trial sentences are 
outside the prosecutor's control it may be 
socially optimal to set the plea offer so that 
it induces guilty defendants to reveal their 
guilt by self-selecting the plea offer. Used 
this way, the plea bargain contributes to the 
procedural accuracy of the legal system. If 
the prosecutor can set the trial penalty as 
well as the penalty for a guilty plea, then the 
optimal plea bargain is always used to sort 
the guilty, and innocent defendants are never 
led to confess falsely. Under these condi- 
tions, the case for the plea bargain is stron- 
gest. These optimistic results are, however, 
all premised on the assumption that all de- 
fendants are equally risk averse. We must 
now consider the implications of relaxing 
this assumption. 


III. The Plea Bargain when Defendants 
are not Equally Risk Averse 


The attractiveness of the plea bargain as a 
screening device above arises because the 
prosecutor can perfectly associate actual guilt 
with a high certainty-equivalent penalty. As 
long as the court system has some incremen- 
tal value in ascertaining truth, there will exist 
a range of plea bargains that only guilty 
parties will accept. However, such a range 
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may not exist if various defendants differ in 
their degree of risk aversion. A highly 
risk-averse but innocent defendant is in- 
distinguishable to the prosecutor from a less 
risk-averse, guilty defendant, if they have 
equal certainty-equivalent penalties.? If there 
exists a class of less risk-averse, guilty defen- 
dants with a higher certainty equivalent 
penalty than that of a class of more risk- 
averse, innocent defendants, then there can 
be no plea bargain that perfectly separates 
the innocent from the guilty. We will find 
that, in general, many plea bargain offers 
have the characteristic that some guilty elect 
to go to trial, while some innocent falsely 
plead guilty. The optimal social policy does 
still involve some plea bargaining, but the 
scope of plea bargaining as a screening de- 
vice may be significantly limited. 

To illustrate these points, we consider the 
prosecutor's policy problem when there are 
two risk-aversion classes. The subscripts A 
and / refer to high and low risk aversion, 
respectively, and we assume c,, > Cj, > Cg) > 
cj. We show first that, even with multiple 
risk-aversion classes and trial penalties that 
are outside the prosecutor’s control, the pros- 
ecutor’s optimal policy always involves some 
plea bargaining. 


PROPOSITION 4: With two risk-aversion 
classes, the plea bargain offer p, = Cyn 
dominates no plea bargaining (i.e., court 
proceedings for all defendants). 


Given that c,,7 Cip > c,,7 cy, the plea 
offer p, — c,, will be accepted only by the 
more risk-averse, guilty defendants. The 
treatment of all other defendants types is the 
same as under no plea bargaining. Thus, to 


'SThis observational equivalence is analogous to that 
studied in another context by Joseph Stiglitz (1977), 
who found that the ability of a monopolistic insurance 
company to screen high-risk agents from low-risk agents 
is diminished if the agents differ not only in their 
probability of accident, but also in their degree of risk 
aversion. 

‘©The alternative possible configuration, Cop > Cp 
Cin > Cys iS less interesting because a plea bargain offer 
set in the range (c;,, c,;) acts to separate the guilty from 
the innocent perfectly. Since the analysis of this case is 
formally identical to that studied above, we will not 
pursue it further here. 
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ascertain the.social desirability of this plea 
bargain, we need compare only the levels of 
welfare obtained by sending the more risk- 
averse, guilty defendants to court to that 
achieved by offering them the plea bargain 
Pe = gn. This comparison is identical to that 
in Section I, where we analyzed the role of 
plea bargaining as insurance. Here, as there, 
the plea bargain can be used to insure society 
against acquittal of the most risk-averse, 
guilty defendants. 

For the case where the trial p is 
equal to the social norm (i.e., p, = p), p, = 
is one candidate for the optimal plea Pisa 
But there are now several other candidates to 
consider. We can rule out immediately all 
plea bargains in the range c,,7 p, Z Cin. 
Offers in this range extract a smaller penalty 
from the more risk-averse, guilty defendants 
than p, — c,,, and these offers fail to raise 
the utility of either innocent group. But a 
plea bargain in the range c,, > Pp > Cy raises 
. the utility of the more risk-averse, innocent 
. defendants, albeit by causing them to falsely 
plead guilty. If this utility increase is large 
enough; it might outweigh the social loss 
caused by lenient treatment of the more 
risk-averse, guilty defendants, and the opti- 
mal plea bargain might lie in this range. Plea 
bargains in the range c,, = p, > cj, cannot be 
ruled out either. These Offers will be accepted 
by all but the less risk-averse, innocent 
defendants, and yield surplus to both groups 
of guilty defendants. Nonetheless, an offer in 
this range can be optimal if the utility gain 
on the more risk-averse, innocent group is 
large enough.(for example, if this group is 
very large). Finally, the optimal plea bargain 
may also fall in the range c;z p20, in 
which case all defendants plead guilty. If the 
social loss associated with type I errors of the 
legal system (i.e., wrongly punishing the in- 
nocent) .is large enough, the system is 
. rendered virtually inoperative, with lenient 
treatment provided to all who are indicted. 

It appears, then, that the optimal plea 
bargain under exogenous trial penalty may 
involve lenient treatment of the guilty, false 
pleas by the innocent, failure to induce self- 
selection by some guilty defendants, or a 
combination. of these outcomes. It is clear 
that the effectiveness of the plea bargain as a 
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sorting device in this environment is .consid- 
erably less than it would be in the case where 
all defendants were equally risk averse. 

The pessimism of this result is somewhat 
mitigated if the prosecutor can select the trial 
penalty. The following propoaen deals with 
this case. 


PROPOSITION 5: With two risk-aversion 
classes, if the prosecutor sets the trial penalty 
optimally, then the optimal plea bargain al- 
ways is accepted by the more risk-averse, guilty 
defendants and never accepted by the less 
risk-averse, innocent defendants. 


The ability to set the trial penalty provides 
the prosecutor with an additional instrument 
to raise the utility of the innocent. Starting 
from any settlement offer and trial.penalty 
combination such that all defendants plead 


. guilty, social welfare can be raised by lower- 


ing the penalty at least to the point where the 
less risk-averse, innocent defendants opt for 
trial proceedings. The prosecutor thus raises 
the utility of this innocent group, without 
affecting the penalty imposed on either group 
of guilty defendants. 

Under the conditions of Proposition 5, the 
plea bargain does play a partial screening 
role. One group of guilty defendants always 
is induced to identify itself as such, while one 
group of truly innocent indeed pleads not 
guilty. The optimal plea bargain will, how- 
ever, either fail to induce self-selection of the 
less risk-averse guilty, or will extract a false 
guilty: plea from the more risk-averse in- 
nocent. This is an inevitable consequence of 
the prosecutor’s imperfect information that 
arises whenever the certainty equivalent 
penalty of an innocent group exceeds that of 
a guilty group. 

We conclude by. noting that with a large 
number of groups of defendants with varying 
degrees of risk aversion, it may be optimal to 
use the. plea bargain to self-select only a 
small fraction of the guilty. Nonetheless, a 
plea bargain offer set somewhat close to the 
trial penalty will always be welfare improv- 
ing if it causes the risk-averse guilty to plead 
guilty,.thereby insuring society against the 
risk of an erroneous trial outcome for these 
indictees. 
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IV. Conclusions 


In this paper we have shown that a 


welfare-theoretic argument in favor of plea: 


bargaining need not be based on a considera- 
tion of the resource cost of trial proceedings. 
The plea bargain can serve equally or more 
important functions as an insurance device 
and a screening device. In the former role, it 
insures society against erroneous outcomes 
in the courtroom. In the latter role, it sorts 
the guilty and innocent, in realistic situations 
where the prosecutor cannot distinguish the 
falsely accused from the truly guilty. As a 
self-selection mechanism, it contributes to 
the accuracy of the legal procedure, thereby 
aiding in the satisfaction of the constitu- 
tional mandate for due process. 

We found that the screening role of the 
plea bargain is most effective when all defen- 
dants are equally risk averse and when the 
prosecutor can influence the sentence im- 
posed on those who are convicted. In this 
case, socially optimal policy always involves 
a guilty plea by the truly guilty, and never 
involves false pleas by the innocent. When 
defendants may differ in their aversion to 
risk, the prosecutor may be unable to dis- 
tinguish an innocent, but highly risk-averse 
defendant from a guilty, but less risk-averse 
one. Although some plea bargaining should 
still be undertaken in such a world, its scope 
for raising the level of welfare achievable by 
the legal system over that associated with a 
trial-for-all system may be limited. — 


GROSSMAN AND KATZ: PLEA BARGAINING 757 


REFERENCES 


Adelstein, Richard P., “The Plea Bargain in 
Theory: A Behavioral Model of the Nego- 
tiated Guilty Plea,’ Southern Economic 
Journal, January 1978, 44, 488—503. 

Holstrom, Bengt, “Moral Hazard arid Ob- 
servability,” Bell Journal of Economics, 
Spring 1979, 10, 74-91. 

Kaplan, J., ^American Merchandising and the 
Guilty Plea: Replacing the Bazaar with the 
Department Store," American Journal of 
Criminal Law, 1977, 5, 215-24. 

Kreps, David. M. and Wilson, Robert, “On the 
Chain Store Paradox and Predation: Rep- 
utation for Toughness," Technical Report 
No. 317, Institute for Mathematical Stud- 
ies in the Social Sciences, Stanford Univer- 
sity, 1980. | i 

Landes, Wiliam M., “An Economic Analysis 
of the Courts,” Journal of Law and Eco- 
nomics, April 1971, 14, 61-108. 

McCoy, Thomas R. and Mirra, Michael J., “Plea 
Bargaining as Due Process in Determining 
Guilt,” Stanford Law Review, May 1980, 
32, 887—941. ` 

Newman, Donald J., Conviction: Determination 
of Guilt or Innocence Without Trial, Bos- 
ton: Little, Brown and Co., 1966. __ 

Shavell, Steven, “Risk Sharing and Incentives 
in the Principal and Agent Relationship,” 
Bell Journal of Economics, Spring 1979, 10, 
55-73. l 

Stiglitz, Joseph E., “Monopoly, Non-linear 
Pricing and Imperfect Information: The 
Insurance Market," Review of Economic 
Studies, October 1977, 44, 407—30. 


Government Irrelevance Results: A Simple Exposition 


By JoBN BRYANT* 


Recently, a rash of irrelevance of govern- 

ment results has appeared in the macroeco- 
nomics literature (see, for example, Robert 
Barro, 1979; Thomas Finn, 1982; Christian 
Gilles and ‘Colin Lawrence, 1981; Joseph 
Stiglitz, 1981; Neil Wallace, 1981). To the 
novice, particularly one trained in the IS-LM 
paradigm, these results appear mysterious, if 
not down right ridiculous. These irrelevance 
results have typically been derived in models 
of some generality, and quite appropriately 
so. However, this generality has served, it 
seems, to obscure the very simple nature of 
the essential insights behind the government 
irrelevance results. It is the goal of this paper 
- to lay bare these simple essential insights in 
the context of the simplest model I can craft 
to this purpose. I wish to stress that it is my 
purpose to clearly illustrate government irrel- 
evance results, not to trivialize them. 

The government irrelevance results involve 
the expenditure for and financing of transfer 
payments; government investment, and pub- 
lic goods. Because models of fiat money are 
not simple, nor the presence of fiat money 
important to our. purpose, my model is a 
nonmonetary model. 


.,  L The Basic Model 


The economy consists of a large number 
of identical individuals. Time is discrete and 
is divided into two periods, and individuals 
live for both periods. There is a single con- 
sumption good which can be consumed in 
both periods. Each individual is endowed 
with L units of the consumption good in 
period 1 and 0 units in period 2. Any endow- 
ment unconsumed in the first period can be 
planted to yield x units of consumption good 
in the second period per unit planted, and in 
that proportion for fractional units. The 
common, nicely shaped, utility function is 
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U(C,, C), where C, and C, are the individ- 
ual's consumption in periods 1 and 2, respec- 
tively. Let 7 be the amount of first-period 
consumption planted by the representative 
individual. As the individual throws nothing 
away his or her first-period problem can be 
written 


(a) max U[L - I, x1]. 


This is solved with 7 satisfying 


(2) . -U[L — I, x ]- xU [L — I. x1] - 0. 


Il. ‘Transfer Payments 


To consider the expenditure and financing 
of transfer payments, we have to add an 
outside entity, the government, to the basic 
model. 

The first irrelevance result to be produced 
is that transfer payments financed by taxes 
are inconsequential. This result we obtain 
almost for free. Suppose the government 
hands each individual a lump sum transfer 
payment in the consumption good in the 
amount of G in the first period and .takes 
away from each individual a lump sum tax in 
the consumption good in the amount T in 
the first period. The individual’s first period 
problem then becomes 


(3) maxU[L-G-T- I, x1]. 


Assuming the government operates cost- 
lessly, the government’s budget constraint 
is G=T, thus G and T cancel and (3) rep- 
licates (1). 

The second irrelevance result produced is 
that whether transfer payments are financed 
by taxes or bond issue is inconsequential.: 
Suppose the government finances the above 
transfer payments by sale of bonds. The 
government sells, for first-period consump- 
tion good in the amount B per person, prom- 
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ises to a total of (1-- r)B units of second- 
period consumption good per person. The 
individual treats r, which is to be de- 
termined, as a given, and chooses B. The 
government then services its debt issue in the 
second period with an equal Jump sum tax of 
T per person, and the individual takes T as 
given. The individual's first-period problem 
then can be written 


(4) maxU|L* G - B 1, 


-T-X(14 r)B 4 xi]. 


This is solved with J and B satisfying 
(5) 


-U[L*G-B-I-T-«(1-r)B* xl] 
+xU,[L+G—B-I, 
—T+(l+r)B+xI]=0; 


(6) 


-U,[L+G-B-I,-T+(1+r)B+x1] 
(Ie r)U[L-*G- B- I, 
-T+(1+r)B+xI]= 


Assuming the government operates cost- 
lessly, the first-period government budget 
constraint is G= B and the second-period 
government budget constraint is (1+ r)B = 
T. These terms cancel and (5) replicates (2). 
With x — (1-- r), (6) replicates (5) and we 
are back to our original solution, but with 
B — G. Private saving has risen exactly in the 
amount of the government transfer payment 
and bond issue, the fruits of which addi- 
tional saving exactly cover the second-period 
tax. 


Ill. Government Investment 


The third irrelevance result to be produced 
is that government investment financed by 
taxes is inconsequential. Suppose the govern- 
ment plants the consumption good in the 
amount G, per person in the first period and 
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takes away from each individual a lump sum 
tax in the consumption good in the amount 
T in the first period. The government then in 
the second period hands each individual a 
lump sum transfer payment in the consump- 
tion good in the amount G,. The individual's 
first-period problem then becomes 


(7) maxU[L -T- LG, + x1]. 


This is solved with J satisfying 
(8) -Uj[L-T-1,G,*xI] 
+ xU,[L—-T-I,G,+xI]=0. 


Assuming the government operates cost- 
lessly, the first-period government budget 
constraint is G; =T and the second-period 
government budget constraint is G, = xGj, 
hence G, = xT. Let I satisfy (2). Substituting 
G, = xT into (8), I conclude that I= I-T- 
I — G, satisfies (8), since then (8) replicates 
(2). Private investment has fallen exactly in 
the amount of the government tax and in- 
vestment, the lost fruits of that private in- 
vestment exactly being offset by the second- 
period transfer payment, the fruits of the 
government investment. 

Notice that my irrelevance result depends 
upon the assumption that G, « J. Negative 
planting is not feasible. If the government 
plants more than the private sector otherwise 
would plant, that must increase total plant- : 
ing. However, if, instead of planting, the 
government bought future contracts for com- 
modity, the private market would short the 
market, and the irrelevance result goes 
through. 

The fourth irrelevance result to be pro- 
duced is that whether government invest- 
ment is financed by taxes or bond issue is 
inconsequential. Suppose the government fi- 
nances the above investment by bond issue 
in the first period, and services its débt issue 
in the second period by lump sum taxes. The 
individual's first-period problem then can be 
written 


9 U|L—B-I, 
(9) max U[L 


G,-T+(l+r)B+x/]. 
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This is solved with I and B PEE 


(10) 
-U|[L-B-16G,- T+(1+r)B +27] 


+xU,[L-B-1,G,-T 
+(1+r)B+xI]=0; 


(11) 
-U,[L- B-1,G,-T+(1l+r)B+xI] 


+(1+r)U,[L-B-1,G,-T 
+(1+r)B+xI]=0. 


Assuming the government operates cost- 
lessly, the first-period government budget 
constraint is G, — B and the second-period 
government budget constraint is G,+(1+ 
r)B=T+xG,, hence G, +(1+r)B=T+ 
xB. Let I satisfy (2) as above. Substituting 
G, — T +(1+r)B = xB into (10), I conclude 
| that Z=- B=I-—G, satisfies (10), since 
(10) then replicates (2). With x = (1 + r), (11) 
replicates (10), and we are back to our origi- 
nal solution, but with (once again) govern- 
ment investment substituting for private. 


IV. Public Good 


The government's expenditure on a public 
good is not, of course, inconsequential. 
Therefore I now turn to the inconsequen- 
tiality of the financing of public good ex- 
penditure. For the final result, I will produce 
a weak inconsequentiality result on govern- 
ment public good expenditure. 

The fifth irrelevance result is that whether 
Bovernment provision of a public good is 
financed by taxes or bond issue is incon- 
sequential. To treat public good expenditure, 
we must alter the basic model somewhat. 
There is a "third" good, the public good. 
The government, and only the government, 
can transform the consumption good in the 
first period into the public good, one for one. 
Let G be the per capita expenditure on pub- 
lic good. The individual's utility function is 
U(C,, C;, G). If the government were a be- 
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nevolent costlessly operating planner its first 
period problem could be written 


(12) max U[L-G- I, xl,G]. 


This is solved with 7 and G satisfying 


(13) -Uu[L-G- I, xI,G] 
*xU|[L-G-1,x1,G] «0; 
(14) -U [L-G-I,xI,G] 


+U,[L-G-I,xI,G]=0. 


Suppose the government produces the 
public good in the amount G per person in 
the first period and takes away from each 
individual a lump sum tax in the consump- 
tion good in the amount T in the first period. 
The individual's feted problem can be 
written 


(15) max U[L - T - I, xl, G]. 
This is solved by J satisfying 


(19 -U [L-T-I,xI,G] 


txU[L-T-I,xI,G]- 0. 


Assuming the government operates cost- 
c the government's budget constraint is 
G — T. Let J and G satisfy (13) and (14). 
With G= G and substituting G = T into (16), 
(16) then replicates (13), so I= 7 satisfies 
(16). Hence we are back to ‘the planner’s 
solution. 

Now suppose the government finances the 
above public good expenditure by bond issue 
in the first period, and services its debt issue 
in the second period by lump sum taxes, The 
individual’s first-period problem then can be 
written 


(17) max ULL - B-I, 


Sienna: c]. 
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This is solved with I and B satisfying . 
(18) 
-U,[L-B-J,-T+(1+r)B+xI,G] 
+xU,[L-B-I,-T 
+(1+r)B+xI,G] - 0; 
(19) 
~—U,[L—B-1,-T+(1+r)B+xI,G] 
+(1+r)U,[L-B-I,-T 
+(1+r)B+xI,G]=0. 


Assuming the government operates cost- 
lessly, the first-period government budget 
constraint is G= B and the second-period 
government budget constraint is (1+ r)B = 
T. With G=G and substituting G — B and 
(1+r)B=T into (18), (18) then replicates 
(13), so 7 — I satisfies (18). With x = (1+ r) 
(19) replicates (18), and we are back to the 
planner's solution. 

The sixth, and final, irrelevance result is 
that, if utility functions are separable in 
government public good expenditure, alloca- 
tion of that expenditure is inconsequential 
for private sector activity. In the case of the 
separable utility function, U(C,, C}, G) can 
be written as V(h(C,, C2), G). Then (16), for 
example, can be written 


Q0  -VW(L-T-I,xl) 
+xV,h,(L-T-I,xI)=0. 
Cancelling the function Vj, we get 
(21) —-h(L-T-I,xl) 
+ xh,(L—-T—I,xI)=0. 


BRYANT: GOVERNMENT IRRELEVANCE RESULTS 761 


Notice that G does not enter this expression 
(21), only T. If the government, instead of 
producing public good in the amount G = T, 
simply threw the tax proceeds away, (21) 
would be unaffected. While the individual’s 
utility would be lowered by this profligacy, 
his or her decision on planting, J, would be 
unaffected. Given separability, private sector 
activity is uninfluenced, for example, by the 
allocation of government expenditure be- 
tween park creation and park destruction. 
This alone of my irrelevance results should 
seem familiar to IS-LM students. 


V. Concluding Comments 


One should not conclude from the above 
exercise either that government decisions are 
inconsequential or that such models are use- 
less. Rather one should conclude that in so 
far as government decisions matter, they do 
so for reasons left out of these models. My 
simple example may well have missed an 
essential insight of the government irrele- 
vancy literature. However, I do not think so. 
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Expectations, Taxes, and Interest: 
The Search for the Darby Effect 


By ROBERT AYANIAN* 


The Darby hypothesis states that, ceteris 
paribus, interest rates will rise during an 
inflation by an amount which exceeds ex- 
pected inflation in order to compensate 
lenders both for their expected loss of capital 
and for the taxation of interest income.! The 
hypothesis is distinguished both by its plau- 
sibility and by an almost complete lack of 
firm statistical support, a statistical condi- 
tion which this paper seeks to mitigate. 


I. The Issue 


Under the Darby hypothesis, the tradi- 
tional Fisher equation is Í 


(1) i=r+I], 


in which i is the nominal interest rate, r the 
expected real interest rate, and II the ex- 
pected inflation rate, must be amended to 


(2) (1- T)i « r' 4 II, 
or l 
(3) i=r'/(1-T)+0/(1-T), 


where T is the marginal lenders’ marginal tax 
rate and r’ is the expected after-tax real 
interest rate. 

- Empirical tests for the Darby effect have 
proceded on the basis of regression equations 
of the form 


(4) i=ajtal+a,Z+e, ` 


where IT is some measure of expected infla- 


*Department of Economics, California State Univer- 
sity, Fullerton, CA 92634. This paper has benefited 
from conversations with Joyce Pickersgill and Lyle 
Kalish, and from the comments of a referee. Should it 
prove necessary, they are all exonerated from responsi- 
bility for the results. 

!See Michael Darby (1975). The hypothesis has also 
been advanced independently by Martin Feldstein (1976) 
and Vito Tanzi (1976). 
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tion based on past inflation and/or survey 
data, and Z is a vector of standardizing 
variables ostensibly related to i. The test of 
the Darby hypothesis is then typically taken 
to be whether or not â} exceeds one, since 
under the hypothesis a, equals 1/(1— T). 
Plausible values of a, suggested in the litera- 
ture range in the neighborhood of 1.47 to 
2.0, corresponding to marginal tax rates of 
32—50 percent, respectively (see Tanzi, 1980, 
Feldstein, and Darby). Despite a large num- 
ber of attempts to do so, relatively few values 
of á, greater than one have been observed.? 
More often than not, estimates of a, are 
close to or less than one. 

Response to these findings has been mixed. 
Several authors, such as Tanzi (1980), have 
accepted the statistical results more or less at 
face value, and declared that lenders have 
failed to foresee the effects of taxes on actual 
yields and thus have suffered from “fiscal 
illusion." Other observers, unable to accept 
the degree of ignorance or irrationality which 
such a conclusion implies, have sought statis- 
tical and/or theoretical explanations to rec- 
oncile these results with the hypothesis? 


Estimates of a, significantly in excess of one have 
been obtained by Jack Carr, James Pesando, and 
Lawrence Smith (1976), and Thomas Cargill and Robert 
Meyer (1980). Also, a referee has related that Cargill 
and Meyer have obtained estimates “... substantially 
larger than unity...” in a paper presented at the Federal 
Reserve Bank of San Francisco’s November 1982 
Academic Conference. 

3Michael Melvin (1982) and Joe Peek (1982) have 
each derived a reduced-form Fisher equation the form 
of equation (4) from a macro model containing equation 
(2) as a structural equation. The idea in each paper was 
to allow inflation expectations to depress the real rate, 
thereby accounting for low values of 4,. While both 
papers find evidence that taxes affect nominal interest 
rates, neither could be termed strong support for the 
Darby hypothesis. Melvin’s estimated coefficients imply 
that nominal interest rates have (insignificantly) ad- 
justed to a marginal tax rate of only 7.1 percent, while 
Peek’s results are mixed, and unclear on the degree of 
adjustment. 
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Il. The Measurement Problem 


Previous attempts to validate the Darby 
hypothesis have, I believe, failed to find con- 
clusive support for the proposition due to the 
difficulty of observing r’ and II. This diffi- 
culty arises because the relevant variables are 
not the after-tax real interest rate (which 
would be difficult enough) and the inflation 
rate, but the expected after-tax real interest 
rate and the expected inflation rate. This, of 
course, is recognized by those working in the 
area, and has been the motive force behind 
the increasingly sophisticated inflation ex- 
pectation variables, and increasingly com- 
plex and lengthening vector of standardizing 
variables used in equation (4). : 

Rather than attempting to estimate the 
coefficient of expected inflation in equation 
(3), let us return to equation (2), and con- 
sider rewriting it as 


(5) i- (r'- )/(- 7). 


This expression appears to differ only triv- 
ially from equation (3), but the difference is 
important. For although we cannot measure 
r' or II, we can measure (r’+II) as the 
nominal yield on tax exempt bonds. 

Redefine i above as i7, the nominal yield 
on taxable bonds, and let i, be the nominal 
yield on tax exempt bonds of comparable 
maturity and risk. Then, 


(5) ip = (r+ I)/(1- T) 
under the Darby hypothesis, and 
(6) iy 7 (r+), 


independent of the Darby hypothesis. 

Note that it is not claimed in equation (6) 
that the Fisher equation is correct in the 
sense that actual tax exempt yields will rise 
in line with inflation, that is, that the after-tax 

real rate is constant and inflation expec- 
` tations are correct. Rather, equation (6) says 
that, whatever the states of expectation con- 
cerning r’ and II, they determine iy. The 
expected values are, by definition, those that 
participants in the market act on. 
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Assuming the same state of expectations 
prevails among marginal purchasers of each 
type of security, we may substitute equation 
(6) into equation (5^) to obtain 


(7) ip=iy/(1-T). 


The test of the Darby hypothesis is now 
whether or not the coefficient from the sim- 
ple regression of i; on i, is significantly 
greater than one. 


III. Results 


Equation (7) was estimated using quarterly 
averages for the years 1952-79, inclusive. 
The sample period was terminated in 1979 to 
avoid the credit controls and interest rate 
gyrations of 1980. The variable i; is the yield 
on one-year Treasury bills and i, the yield 
on one-year prime grade municipal bonds 
drawn from the Federal Reserve Bulletin and 
Salomon Brothers Bond Market Roundup, re- 
spectively.*> Nominal yields on prime grade 
municipals ranged from a low of 0.63 per- 
cent, with a yield spread to the Treasury bills 
of 0.07 percentage points in 1954, to a high 
of 5.87 percent, with a yield spread to the 
Treasury bills of 5.29 percentage points in 
1979. Equation (8) reports the estimated 
coefficients (with standard errors shown be- 
low in parentheses), with the variables ex- 
pressed as percents: 


(8) ip= 0.158 + 1.63 iy; R? — 94. 
T. (114) (038) ^ 


This equation shows an unmistakable Darby 
effect. On average over the sample period, a 
one percentage point rise in the nominal 
yield on one-year tax exempt bonds has been 
associated with a 1.63 percentage point rise 
in the nominal yield on one-year taxable 


*Municipalities are not subject to taxes on their 
revenues, but presumably must pay at least the going 
market real after-tax yield, and need pay no more than 
this. 

5The Salomon Brothers data was graciously supplied 
to me by Joyce Pickersgill. 

‘Note also that, independent of the tax effect, the 
estimated relation should pass through the origin, and it 
does. 
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bonds. This is sufficient to compensate 
lenders for an effective marginal tax rate on 
interest income of 38.7 percent.’ 

Recall, however, that i y measures only the 
sum (r’+JI). Thus we can infer from these 
results neither the actual course of inflation 
expectations over the sample period, nor 
whether or not the expected real rate was 
depressed by expectations of inflation. 
Nonetheless, the presence of the Darby ef- 
fect is clear. 

It may be of some interest to know how 
the estimated relation fares over the sample 
period. Equations (9) and (10) report the 
results respectively of estimating equation (7) 
for the years 1952-65 and 1966-79 inclu- 
sive: 

(9) ip= 


—0.07 + 1.77 iy; R?=.92, 


7 
(.118) — (.069) 


(10) i-= 0.36 + 1.57 iy; R?-.81. 
T (40) (104) * 


The implied marginal tax rates are 43.5 per- 
cent for the first half of the sample period, 
and 36.3 percent for the latter half, each of 
which is similar to the estimate for the full 
sample period. 


IV. Summary and Conclusion 


Previous studies attempting to observe the 
Darby effect have been plagued by the diffi- 
culty of measuring expected after-tax real 
interest rates and expected inflation rates. 
This problem is circumvented in the present 
study by using the nominal yield on tax 
exempt bonds to measure the sum of these 
two variables. . 


TIf anything, this estimate seems likely to be biased 
downward. In addition to the errors-in-the-indepen- 
dent-variable problem, it turns out that municipal bonds 
are not quite tax exempt. Some purchasers of municipal 
bonds, residing in states other than the state of issue, 
may have been subject to state income taxes on the 
interest. In the presence of a Darby effect, we would 
now have (1 T)iz = (1— Diy, (0 «t x T); and in the 
regression of ip on i y, we are estimating (1— 1) /(1— T). 
If t is greater than zero and the regression coefficient 
taken as 1/(1— T), we have a downward-biased estima- 
tor of T. 
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The growing yield spread between taxable 
and tax exempt bonds accompanying the 
rising nominal yield on tax exempt bonds is 
evidence of the Darby effect. Estimation of 
the relation between these yields for the 
1952—79 period indicates that the nominal 
yield on taxable bonds has risen sufficiently 
to compensate lenders for an effective mar- 
ginal tax rate in the neighborhood of 40 
percent on interest income. 


REFERENCES 


Cargill, Thomas F., “Direct Evidence of the 
Darby Hypothesis for the United States," ` 
Economic Inquiry, January 1977, 15, 132- 
34. 





and Meyer, Robert A. “The Term 
Structure of Inflationary Expectations and 
Market Efficiency," Journal of Finance, 
March 1980, 35, 57—70. 

Carlson, John A., *Expected Inflation and In- 
terest Rates," Economic Inquiry, October 
1979, 17, 597—608. f 

Carr, Jack, Pesando, James E. md Smith, 
Lawrence B., “Tax Effects, Price Expecta- 
tions and the Nominal Interest Rate,” 
Economic Inquiry, June 1976, 14, 259-69. 

Darby, Michael R., “The Financial and Tax 
Effects of Monetary Policy on Interest 
Rates,” Economic Inquiry, June 1975, 13, 
266-76. 

Ezrati, Milton J., “Inflationary Expectations, 
Economic Activity, Taxes, and Interest 
Rates: Comment," American Economic 
Review, September 1982, 72, 854-57. 

Feldstein, Martin, “Inflation, Income Taxes, 
and the Rate of Interest: A Theoretical 
Analysis,” American’ Economic Review, 
December 1976, 66, 809—20. 

Fisher, Irving, The Theory of Interest, New 
York: Macmillan, 1930. 

Lahiri, Kajal, “Inflationary Expectations: 
Their Formation and Interest Rate Ef- 
fects,” American Economic Review, March 
1976, 66, 124-31. , 

Melvin, Michael, “Expected Inflation, Taxa- 
tion, and Interest Rates: The Delusion of 
Fiscal Illusion,” American Economic Re- 
view, September 1982, 72, 841-45. 

Mundell, Robert A., *Inflation and Real Inter- 


VOL. 73 NO. 4 


a “ést,” 
. 1963, 71, 280--83. 


Pearce, Douglas K;;' * Comparing Survey and 


Rational Measures of Inflation,” Journal 
of Money, Credit, and Banking, November 
1979, 11, 447-56. . - 
Peek, Joe, “Interest Rates, income Taxes, 
and Anticipated Inflation,” American Eco- 
, Momic Review, December 1982; 72, 980—91. 
Tanzi, Vito, “Inflation, Indexation and’ Inter: 
“est Income Taxation;” Banca ` ‘Nazionale 
he del Lavoro Quarterly Review, March 1976, 





Journal: of: Political Economy, ‘Tune .. . 


AYANIAN: EXPECTATIONS, TAXES, AND INTEREST 765 


- 29, 54-76. 
, “Inflationary. “Expectations, Eco- 
" nomič-Activity, Taxes, and Interest Rates,” 
American Economic Review, March 1980, 
70, 12-21. . 
= “Inflationary Expectations, Eco- 
nomic Activity, Taxes, and Interest Rates: 
Reply,” American Economic Review, Sep- 
tember ‘1982, 72, 860-63. 
Board of Governors ‘of the Federal Reserve: Sys- 
"tem, Federal Reserve Bulletin, Vols. 38- -65, 
l , Washington: 1953- 80. 








* £5 


The Impact of Minimum Wages on the Distributions of Earnings 
for Major Race-Sex Groups: A Dynamic Analysis. 


By JERE R. BEHRMAN, Rosin C. SICKLES, AND PAUL TAUBMAN* 


Since the passage of the Fair Labor Stan- 
dards Act (FLSA) in 1937, the impact of 
minimum wage laws on the distribution of 
earnings has aroused considerable contro- 
versy. Advocates claim that a minimum wage 
aids in the attainment of equalitarian distri- 
bution goals by assuring a "fair" level of 
earnings to those workers at the low end of 
the wage distribution. Critics claim that the 
higher wage rate is more than offset by re- 
duced employment among low-skilled 
workers, and no benefits are provided to 
disabled and other nonlabor market par- 
ticipants.! The social and economic impor- 
tance of this debate has increased over time 
because of the secularly increasing coverage 
of the minimum wage laws. In 1956, only 
about one-half of the U.S. work force was in 
FLSA-covered jobs, but two decades later 
over four-fifths were covered. 

Simple economic theory suggests that, with 
the possible exception of persons in monopo- 
listic labor markets, effective minimum wage 
laws reduce the quantity demanded of 
laborers whose wage otherwise would be be- 
low the minimum wage.^ This reduction in 
demand may be reflected in greater unem- 
ployment, in fewer hours worked by those 


*Department of Economics, 3718 Locust Walk CR, 
University of Pennsylvania, Philadelphia, PA 19104. 
This paper is an extension of our 1981a study. We thank 
the Minimum Wage Study Commission for research 
support, anonymous referees for useful comments, Wil- 
liam Dreifke for dependable research assistance, and 
Brenda Liedtke, Monica Oberthaler, and Jennifer 
Goldenberg for bibliographical and secretarial contribu- 
tions. As to responsibility for the analysis and interpre- 
tations herein, the usual caveat applies. 

'This debate concentrates on earnings and does not 
place a value on leisure time. 

?The impact on measured unemployment is ambigu- 
ous, however, if there is a response in labor force 
participation (see Jacob Mincer, 1976). 
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still employed, and in lower labor force par- 
ticipation rates. The impact on the earnings 
of what.Peter Linneman (1982) calls the 
“subminimum population" (i.e., those whose 
wage would be below the minimum level if 
there were no minimum wage) depends on 
the elasticities of demand and supply for 
labor in covered and noncovered occupa- 
tions. If the demand for low-wage labor in 
the covered occupations is inelastic, earnings 
of the subminimum population in that sector 
increase with a rise in the effective minimum 
wage. However, even in this case the overall 
earnings of the subminimum population may 
decrease if they have a more than com- 
pensating fall in earnings from the un- 
covered sector which absorbs some of the 
displaced workers. Likewise, earnings of 
the subminimum population would fall if the 
demand for labor in the covered sector is 
elastic and the impact is not offset by a 
sufficiently elastic demand for low-wage 
labor in the uncovered sector. For the “su- 
perminimum" population (ie. those with 
wages above the legal minimum), the effects 
depend upon the elasticities of substitution 
among various skill classes of laborers. For 
such reasons, the predictions of simple the- 
ory about the impact of minimum wages on 
earnings distributions are quite ambiguous. 
A number of empirical studies have at- 
tempted to clarify the impact of minimum 
wages on unemployment and to a much lesser 
extent on earnings. Charles Brown, Curtis 
Gilroy, and Andrew Kohen (1982) and 
Kohen and Gilroy (1981) provide recent 
surveys. The available studies indicate some 
empirical regularities: teenage employment 
tends to fall by 1 to 3 percent for a 10 
percent increase in the minimum wage and 
(in the words of Kohen and Gilroy), “the 
minimum wage has had small ‘beneficial’ 
effects on the distribution of income" (p. 25). 
However, even these regularities are not un- 
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challenged? Moreover, there are extensive 
ambiguities regarding such matters as the 
impact on various demographic groups (de- 
fined by age, sex, and race), the size (if any) 
of effects on unemployment, the role of 
Schooling, the extent of longer-run effects, 
and the impact of changes in the minimum 
wage versus those of FLSA coverage. 
Empirical investigations have not resolved 
many questions relating to the magnitudes 
and the timepaths of FLSA provisions in 
large part because of the following data in- 
adequacies: 1) Time-series have been too 
short to allow much variation in real mini- 
mum wages and in coverage, to distinguish 
the effects of minimum wage variables from 
important macro variables like inflation, un- 
employment, and cohort size, or to allow 
estimation of adjustments over time. 2) Im- 
portant micro controls for other variables, 
such as schooling and experience, have 
not been available. 3) Sample sizes have 
been too small to investigate differential ef- 
fects among different sex-race demographic 
groups. 4) Variables to identify supply vs. 
demand factors have not been present. 
Unfortunately, no data set currently exists 
which is free of all these inadequacies; how- 
ever, the 1973 CPS-SSA-IRS Exact Match 
sample is a rich data source with some dis- 
tinct advantages in comparison to previously 
used data sets. This sample contains annual 
earnings from Social Security Administration 
(SSA) records for the period 1951—76 for 
about 90,000 persons. We restrict our atten- 
tion to those born between 1911 and 1936 
who generally would not have retired by 
1976 and generally were working in 1951 in 
order to investigate dynamic effects over the 
life cycle (see the Appendix). We exploit 
three major advantages of this data set. 
First, the link between the CPS and the 
SSA records permits controlling for some 


?For example, Martin Feldstein and David Ellwood 
conclude that “unemployment is not a serious problem 
for the vast majority of teenage boys” (1982, p. 30), 
_ which implies that male teenage unemployment caused 
by minimum wages must not be a serious problem. Also, 
Linneman concludes that minimum wages have con- 
tributed to inequality. 
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important individual characteristics, such as 
schooling. This also permits us to explore 
whether the less schooled are affected dif- 
ferentially from the more schooled by 
changes in FLSA minimum wage levels or 
coverage, as is sometimes suggested (for ex- 
ample, see Feldstein and Ellwood). 

Second, the large sample size permits sub- 
division into race and sex groups to see 
which groups, if any, benefit or lose from 
changes in minimum wage law provisions. 
We distinguish among white and black.males 
and white and black females because of fre- 
quent hypotheses about the differential im- 
pact of FLSA provisions on these four demo- 
graphic groups. The large sample size also 
permits direct estimation of the impact of 
changes in FLSA provisions on a number of 
characteristics of the earnings distributions, 
not just on the mean as usually is the case. 
We explore how minimum wage provisions 
alter four characteristics of the distributions 
of earnings: 1) the logarithm mean earnings 
relative to GNP per laborer (In Y/( GNP/L Ð; 
2) the logarithm real cell mean earnings 
(In Y/P); 3) within cell variance of the loga- 
rithm earnings (varln Y), and 4) the propor- 
tion below the poverty level for a two-adult, 
two-child family. 

Third, the long time period permits ob- 
servation of more changes in minimum wage 
rates and coverage, separation of cohort ef- 
fects from time trends, control for macro 
conditions, and estimation. of dynamic ad- 
justments. All of these factors are important 
in obtaining better estimates of the impact of 
FLSA provisions on earnings distributions, 
but we focus particularly on the exploration 
of dynamic effects. Previous studies have 
concentrated on the effects on current earn- 
ings distributions of concurrent changes in 
FLSA provisions. But there are at least two 
good reasons to expect there to be important 
dynamic effects that exceed current year ef- 
fects. First, time is required for many of the 
labor market adjustments noted in the sec- 
ond paragraph of this introduction. Second, 
if minimum wage laws affect employment at 
one point of time, they alter accumulated 
experience and the acquisition of tenure, on- 
the-job training and basic work habits, which 
may have an impact on subsequent earnings 
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long after the original 'FLSA-induced em- 
ployment change. 

The important strengths of this data set 
are partially offset by the lack of data to 
permit identification .of underlying supply 
and demand relations, by the truncation of 
earnings, by the less than complete coverage 
of the SSA, and by an incapacity to divide 
earnings into wage and hours-worked com- 
ponents. We: believe the most serious prob- 
lem arises:from truncation. We deal with this 
problem ‘by computing the appropriate sta- 
tistical moments (and poverty share) for vari- 
ous cells, and: then estimating the full sample 
moments using standard formulae. While our 
analysis is based on the moments of this 
aggregated data, it is not based on highly 
aggregated material since generally each cell 
covers one or two years of age, one.or two 
grades of school, and one race and one sex. 

Despite such limitations, the analysis of 
these data permits a substantial increment in 
our knowledge about the dynamic impact of 
the minimum wage system on earnings distri- 
butions, and it is earnings with which advo- 
cates of. the minimum wage are largely con- 
cerned. In this paper we analyze these data 
to: shed light: on answers to the following 
important questions. What are the short- and 
long-run effects of FLSA provisions on the 
four characteristics of earnings distributions 
noted above for various sociodemographic 
groups? Do changes in coverage have differ- 
ent effects than changes in the minimum 
wage? Do the FLSA provisions benefit 
blacks, femalés, and the low-schooled as ad- 
vocates of a minimumi wage claim? Are lagged 
responses to FLSA provisions . significant? 
Do they imply results different in magnitude 
or different in timing or both in comparison 
to the static analysis? 

We organize our presentation as follows. 
Sections I and II discuss the specifications 
we estimate, Section III. presents our esti- 
mates, and Section IV gives concluding re- 
marks. Further discussion of the data and 
our resolütion of the truncation problems are 
presented: in the Appendix. 


IL Specification of Estimated Equations 


Our dependent variables are the four char- 
acteristics of the earnings distributions de- 
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fined in the introduction for each of the four 
race-sex demographic groups. We. interact 
schooling with the minimum wage and FLSA 
coverage variables because of hypotheses 
about different labor market effects for dif- 
ferent schooling levels (for example, Feld- 
stein and Ellwood). Otherwise, we specify 
simple linear relations. This generally linear 
specification can be considered a local first- 
order Taylor-series approximation to more 
complicated formulations? To incorporate 
the dynamic possibilities, we specify each of 
our equations as a fairly general function 
with an endogenous variable (¥/) and k 
exogenous variables ( X/, i —1,. er 


(1) a(L)Y7- X a (1) X$+ QU. 


i=l 
(j=1,...,G), 


where L is the lag. operator, G is the number 
of cross sections, U/ is a white noise process 
with constant variance, and 


P 


Q " 

a(L)-1- X ajL^;,0(L) -1- 3, GL; 
20 f= j=l 
M, 

ni(L) = "i9 — 25 nil 
j=l 


For each j the function in.(1), referred to in 
the stochastic.processes literature as a trans- 
fer function, relates the dependent variable 
to lagged values of itself, current and lagged 
values of the exogenous variables, and to 
random effects or innovations. Before dis- 
cussing our treatment of the dynamic lag 


“The impact of minimum wage laws depends on 
factors such as the existence of market power, labor 
market segmentation, elasticities of labor demand and 
supply, elasticities of substitution among skill classes, 
discrimination, cohort effects, differential macro effects 
across markets, differentials in the extent to which the 
distributions of hours worked are changed, and dynamic 
adjustment patterns. Since no available data set permits 
the estimation of such a rich specification, we do not 
undertake an extensive theoretical discussion here. Our 
1981b study and that by Brown, Gilroy, and Kohen give 
more extensive discussions, 

5Of course the subdivision into race-sex groups al- 
lows general nonlinear effects across groups. 
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structure, we consider the three major groups 
of exogenous variables which we include in 
our empirical relations. 

]) First are the minimum wage provi- 
sion variables. We include the level of the 
federal legal minimum wage rate (in $) rela- 
tive to the average nonfarm private wage rate 

,(W™) and the proportion of the work force 
covered by FLSA (C) as separate linear vari- 
ables. We enter these two variables sep- 
arately because of theoretically possible dif- 
ferential effects and to avoid the canceling of 
variations between them in a multiplicative 
composite formulation (for example, Brown, 
Gilroy, and Kohen, 1981; and Robert Mare 
and Christopher Winship, 1980). Further- 
more, as noted above, we include multiplica- 
tive interaction terms of schooling with the 
minimum wage ratio and coverage variables 
in order to explore whether or not the impact 
of the FLSA variables depends on schooling 
levels. 

2) Second, we use schooling and work 
experience to control for skills.’ 


S$We use the same sets of variables in our estimates of 
the determinants of all four of the dependent variables. 
In addition, for the logarithm of variance earnings de- 
pendent variable, we explored the relevance of the vari- 
ance of some of the right-hand side variables (for exam- 
ple, schooling). Despite some a priori appeal for such an 
approach, our estimates did not indicate significantly 
nonzero effects. This may be due to measurement error 
since for many observations the number of individuals 
on which such variances are calculated is very small. In 
any case, we decided that further pursuit of this tack 
would not be fruitful with this data set. 

"In addition, we consider a multiplicative term be- 
tween the minimum wage and coverage variables, but do 
not find empirical support for its importance. 

8We use schooling as our best available proxy for 
skills. Schooling may be a good proxy either if it serves 
as a signaling device as is claimed by some, or if 
schooling actually adds to human capital as is frequently 
assumed (see fn. 9). Our procedure also is equivalent to 
allowing interaction terms between the minimum wage 
provisions, and the race and sex demographic variables 
used to define the samples. 

?Behrman et al, (1980) demonstrate that the stan- 
dard approach to estimating the returns to schooling in 
the form of earnings may result in substantial biases 
because of the failure to control for unobserved ability 
and motivation which arise out of family environment 
and genetic endowments. If the purpose is to control for 
unobserved factors as in the present study, rather than 
to estimate the returns to schooling, however, the ap- 
parent association between schooling and unobserved 
ability and motivation may be a blessing rather than a 
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3) Third, we include additional variables 
to control for various macro factors. We 
represent secular movements by a simple time 
trend and cohort effects by cohort dichoto- 
mous variables and by the cohort shares in 
the population. We use employment and in- 
flation rates to control for cyclical macro 
fluctuations. !° 


II. Statistical Treatment of Lags 


Estimation of the system given in equation 
(1) involves three main steps. In the first, we 
use instrumental variables to estimate con- 
sistently the polynomials a(L) and m;(L), 
i —1,...,K. All of the contemporaneous and 
lagged values of the exogenous variables are 
used as instruments. Limitations imposed by 
the length of the time-series (26 years) and 
by limited variation in some of the exoge- 
nous variables restrict our choices of param- 
eterizations. After preliminary analysis, we 
settled on a fairly flexible dynamic structure 
for which P —2 and M,<2. For the ex- 
planatory variables, we include some vari- 
ables in both contemporaneous and lagged 
form (i.e, M, —2), but others only in con- 
temporaneous form (i.e., M, = 1) because they 
vary little over time. Examples of the former 
category include the inflation rate, the 
minimum wage, coverage, the unemployment 
rate, minimum wage X schooling, and cover- 
ageXschooling; examples of the latter are 
dichotomous cohort variables and accu- 
mulated potential experience. In the next 
step we analyze different time-series repre- 
sentations of the estimated innovations for 
each cross section. The autocorrelation func- 
tions dampened monotonically and we were 
unable to reject the null hypothesis of AR(1) 


curse. In addition to providing micro controls, the inclu- 
sion of schooling and experience provides some base for 
being confident of the reasonableness of our procedures 
because our estimates of their coefficients in the static 
mean earnings relations are similar to those obtained in 
other studies (see our 1981b study, Appendix B). 

10 Because of possible simultaneity with the variables 
representing macro conditions, we have explored the 
treatment of the macro variables as being simulta- 
neously determined. Since it is our conclusion that such 
treatment does not change the implication of the esti- 
mates on which we focus in this paper, we do not worry 
further about simultaneity in this paper. 
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errors. Therefore, the system we estimate is 


k 
(2) Yj = oY) , + aY} » F Enl L) X + ef 


i=l 


e=pe st; j=l,..G, 
where £/ is a white noise process with con- 
stant variance o?. 

The third step involves estimation of (2). 
We use an. Aitken-type estimator to generate 
consistent, asymptotically normal estimates. 
To be more explicit we can stack the G cross 
sections and rewrite (2) as 


Zr 


(3 Y=Zé+e whereY-| Y]|; 


Y, M Xi e] 

Z=] Yr yl. Xj e= el. í 
G G G G 
Yr. Yr. Xr er 


and where Y and e are of dimension G(T —2) 
and 2 is of dimension G(T — 2) by 
(2Mj,.;+2). The covariance structure is 
E(ee’) = = diag( R’, R?,...,R°) = Q, where 
R? s= 0?(p)"-*l. The limiting distribution 
of "the bi ized least squares estimator is 
given by 


(4) 
/N (8-8) N((ztn-*z) "zer, 


esee) 


where $ is formed from consistent estimates 
of p; based on the consistent first-step residu- 
als and N = G(T —2). 


. where 
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These estimates are asymptotically effi- 
cient relative to the instrumental variable 
estimates used in the first step, but are not as 
asymptotically efficient as maximum like- 
lihood estimates. Computational resource 
constraints prevented us from using a Full- 
Information Maximum Likelihood esti- 
mator.!! The block diagonal specification of - 
Q is appropriate only if the cells are indepen- 
dent. Using the consistent residuals from the 
first step, we calculated the G(G — 1)/2 pair- 
wise contemporaneous correlations and 
found them to be quite small and unambigu- 
ously insignificant. 

To summarize the effects of the FLSA 
changes within this dynamic framework, we 
refer to multipliers which are calculated in 
the standard fashion as follows. Our model 
for a specific earnings distribution character- 
istic can be expressed as 


(5) Yt = Ym + Wie, + Vi, 
= (Y, Y, X,), 
Ig (Ef X, i). 


W*-X, Vi=(e,,0,0), 
and 7,7, contain the appropriate elements 
of 6. 

From (5) we calculate the nth period im- 
pact multiplier and the nth period cumula- 
tive multiplier. The former is given by mmy 
and the latter by Li_o7,. With a stable 
system such as ours, the total multiplier is 
Yi.ommh—m-m) 


IIl. Empirical Estimates 


Here we discuss only the estimated impact 
of the minimum wage provisions on the four 


‘We have, however, checked our estimates against 
those generated by the residual adjusted two-step esti- 
mator of Michio Hatanaka (1974). This estimator was 
originally proposed for a single cross section and is 
asymptotically efficient. The residual adjusted two-step 
estimator differs from ours in.that the lagged value of 
the consistent residuals estimated in the first step is 
included as an additional regressor. Our results do not 
change in any substantial way with use of the Hatanaka 
procedure. 
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characteristics of the earnings distributions 
for the four race-sex groups, since the other 
variables are included primarily as controls.!” 
We present these estimates as follows: Table 
1 gives the estimated short- and long-run 
effects of the minimum wage ratio and FLSA 
coverage variables on each of the four char- 
acteristics of the earnings distributions for 
each of the four race-sex samples.” Table 2 
gives “crossover” schooling levels at which 
the impacts change from negative to positive 
(and which are discussed further below). 
Table 3 gives the ratios of the long-run to 
the short-run responses at mean schooling 
levels. 

We summarize the implications of these 
estimates with reference to eight of their 
major characteristics. 

Widespread impact of minimum wage 
laws: The estimates imply significant effects 
at least at the 10 percent level of the mini- 
mum wage law provisions on various dimen- 
sions of the earnings distributions for the 
four race-sex groups in 14 out of 16 cases 
(Table 1). The two exceptions are the vari- 
ance of the logarithm earnings for black 
males and the proportion of black females 
below the poverty level. 

Similarity of impact on first two depen- 
dent variables: 'The first dependent variable 
is the logarithm of mean earnings relative to 
GNP per laborer, and the second is the loga- 
rithm of deflated mean earnings. These two 
need not move. together because of move- 
ments in the nonearnings and depreciation 
shares of GNP and in the labor shares for 


'2The complete estimates and some discussion of the 
other coefficients are in our 1981b study. Behrman and 
Taubman (1983) also discuss some related estimates 
regarding the impact of the macro unemployment and 
inflation variables on various characteristics of earnings 
distributions for different demographic groups, and our 
1981a study discusses the estimated minimum wage law 
effects with a static version of relation (1). 

By short run, we mean the sum of the estimated 
coefficients of the contemporaneous and one-period 
lagged variables (i.e., the sum of appropriate elements of 
ô in equation (3) By long run, we mean the total 
multiplier impact as defined earlier. 

V Plots of the long-run effects of sustained changes in 
the minimum wage and FLSA coverage on the four 
earnings distributions’ characteristics are available from 
the authors on request. 
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labor other than the type being considered in 
a particular case. However, our estimated 
effect of the minimum wage law provisions 
on the two are quite similar. 

Least impact on proportion below poverty 
level: The estimates suggest that an expan- 
sion. in coverage reduces the proportion of 
males below the poverty level significantly, 
with the effect damped significantly for white 
males with more schooling. They also suggest 
that the proportion of white females below 
the poverty level is reduced significantly by 
an increase in the minimum wage, more so in 
this case for the more schooled. But despite 
this evidence of significant effects on the 
proportion below the poverty level, the over- 
all density of significant estimates is only 
about one-half as high for this characteristic 
of the earnings distributions as for the other 
three. 

More frequent significance of FLSA 
coverage than of minimum wage variable: 
During our sample period, the changing 
FLSA coverage had more widespread signifi- 
cant effects on dimensions of the earnings 
distributions than did changes in the mini- 
mum wage ratio. There are 16 significantly 
nonzero variables related to coverage as 
compared to 10 for the minimum wage ratio. 
Or, to summarize the same pattern in a 
slightly different way, coverage has signifi- 
cant coefficient estimates in 10 of the 16 
regressions, while the minimum wage has 
significant coefficient estimates in 7 of 16 
(Table 1). This contrasts somewhat with the 
Brown, Gilroy, and Kohen result that cover- 
age has been less important than the mini- 
mum wage in regard to employment effects. 

But two points merit emphasis. First, the 
broader impact of coverage than of the 
minimum wage ratio on earnings over the 
sample period implied by our estimates is 
less than in our earlier static results (1981a). 
This provides one example of how static 
estimates may be misleading in comparison 
to the a priori more attractive dynamic ones 
—in this case implying a relative overempha- 
sis of the importance of coverage relative to 
minimum wage levels in the sample period. 

Second, as noted in the introduction, in 
the sample period coverage expanded consid- 
erably. But since coverage is now quite 
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TABLE 1 —SHORT- AND LONG-RUN EFFECTS OF MINIMUM WAGE (W) AND FLSA COVERAGE (C), AND INTERACTION 


WITH SCHOOLING (S) ON FOUR CHARACTERISTICS OF EARNINGS DISTRIBUTIONS? 








Dependent 


and Exogenous White Males Black Males White Females Black Females 
Variables Short Run LongRun ShortRun LongRun ShortRun LongRun ShortRun Long Run 
In(Y/GNP/L) 
Wa —.0047 —.012 —.0002  -.00024  —.0094^  —.040* —.015 —.037 
C — 66^ — 1.78" —.28° —.28° 125 54 a7 66° 
Wes .001* ' 00275 -00072 00072 .0012* .005° 0013 .0029 
cts — .027 — .069 —.01 — 0082 .006 .026 01^ .025^ 
In(Y/P) 
W,, — 0003 — 00081 .0049 0071 —.0085°  —.043° — 013 — 032 
C —.5h — 1.625 —.15* —22* 04 20 . 33^ 83° 
wes -00091* .0031^ 00077 0011 .0011° -0054* .0013 .0032 
. C*S - 022, — 073 —.034" . —.005* .009 045 o2» 048^ 
Var (In Y) ` 
W,, — .088 —.12 088 058. -.12» — —.14? —.024° . —Q04V 
C —5,29° —6.90° | —310 —2.04 —455P . —5,59^ —25 —4.66 
Ws 0074 0097 . —.016 —.010 OU? 013" 0021 .0035 
cts 53° 69° -20 | -.14 28° 35° 18 29 
Proportion « 
Poverty Level : 
Wn — 0009 ~.0045  —.0030  —.0078 .0003 .0010 .0004 .0015 
C —.03° —.15° — 25^ — 66^ —.14 — 48 —.16 —.59 
wes .00007 .00035 .00011 00029 — —.00011* -.00037°  —.00017  —.00062 
cts 007° 035° 017 .045 .0029 .0097 — 017 — 063 





Short run refers to the sum of the coefficient estimates on the contemporaneous and one-period lagged terms. 
Long run refers to the total multiplier, as defined in Section III. The dependent variables are defined in Section I and 
the right-side variable in Section II. For more details see Behrman, Taubman and Sickles (1981b). 

Underlying coefficient significantly nonzero at the 5 percent (10 percent) level. 


widespread, even if changes in coverage were 
more important than changes in the mini- 
mum wage in the sample period, the reverse 
may be the case in the future. 

Wider significant impact on whites than 
on blacks, but more favorable effects on low- 
schooled blacks: A common perception seems 
to be that blacks are relatively more affected 
by .the minimum wage laws. In terms of 
statistically significant coefficients we find 
otherwise, with about twice as many signifi- 
cant estimates for whites than blacks. Brown, 
Gilroy, and Kohen report a similar pattern 
for the employment and unemployment ef- 
fects of minimum wage provisions. 

For some purposes it is more appropriate 
to compare the absolute magnitudes of the 
coefficient estimates in Table 1. The distribu- 
tions of earnings are compressed more at 
lower schooling levels for whites than for 


blacks.! For males with lower schooling 
levels, increased minimum wage provisions 
reduce the mean earnings (and the mean 
earnings relative to GNP per laborer) more 
for whites than for blacks. On the other 
hand, the estimated absolute impacts on these 
characteristics of the distributions for females 
tend to be larger for blacks than for whites,'® 
particularly. for the more important positive 
coverage effects. Furthermore, blacks tend to 
be affected more than whites with regard to 


!5The effects at lower schooling levels are indicated 
by the coefficient estimates of the minimum-wage or of 
the coverage variables alone, since the interaction terms 
with schooling become very small if schooling is very 
low. As discussed below, sometimes the directions of 
these effects are reversed at higher schooling levels. 

léThe only exception to this statement is for the 
short-run effect of the minimum wage level on. female 
average earnings relative to GNP per laborer. 
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the proportion below the poverty level, with 
the larger reduction of those with low school- 
ing below this cutoff when coverage is in- 
creased most striking. Thus, though there are 
more significant effects for whites than for 
blacks, in terms of the magnitude of the 
estimated coefficients there seems to be ap- 
proximate balance of the effects on the two 
races. 

In addition to the question of whether 
blacks or whites are affected more by the 
minimum wage law provisions is the ques- 
tion whether one race is affected more 
favorably than is the other. This has been a 
matter of some controversy. Linda Dachter 
and Glenn Loury (1981), for example, con- 
clude that minimum wage laws favor white 
over black families. Linneman, in contrast, 
concludes that there is "surprisingly little 
influence of race...on expected earnings" 
(p. 468) in his study of minimum wage ef- 
fects. Our estimates suggest that blacks with 
lower schooling levels tend to be affected 
more favorably than are whites with lower 
schooling levels. For mean earnings relative 
to GNP per laborer, real earnings and pro- 
portion below the poverty level variables, the 
estimated impacts tend to be more positive 
(or less negative) for blacks. 

About the same impact on males and 
females: Another common perception is that 
females are more affected by minimum wages 
than are males. Once again there is some 
controversy about whether females benefit 
relatively (for example, Edward Gramlich, 
1976 and Donald Parsons, 1980) or lose 
(Linneman) from the impact of minimum 
wages. We find very weak evidence of more 
widespread effects for females than for males 
(14 vs. 12 significant coefficients). But again 
the relative absolute sizes of the impacts are 
mixed, with about as many that are larger 
for females as for males. Our estimates also 
imply that neither sex is favored strongly by 
increases in the minimum wage, but that 
females have gained relatively by expansion 
of FLSA coverage. 

Importance of interactions with schooling, 
with negative implications for the less schooled: 
The minimum wage rates affect most directly 
those with low wages. Minimum wages also 
may induce a substitution towards high- 
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skilled labor. To account for this we have 
interacted our minimum wage variables with 
years of schooling. Our dynamic results con- 
tain almost as many significant coefficients 
on the interaction terms with schooling as on 
the linear minimum wage and coverage vari- 
ables (12 vs. 14). In all but two. of the cases 
in which the interaction terms have signifi- 
cant coefficient estimates in Table 1, their 
signs imply that raising the relative minimum 
wage or the extent of coverage hurts those 
with little schooling in comparison to those 
with more schooling.'* Most previous studies 
do not highlight the schooling and minimum 
wage law interactions, so we cannot directly 
compare this result with those from previous 
studies. However, it does contrast with the 
spirit of the Kohen and Gilroy survey 
summary noted in the introduction regarding 
the “beneficial” distribution effects. 

An interesting feature of most of our coef- 
ficient estimates of the interaction terms is 
that they are opposite in sign to those of the 
linear minimum wage rate or coverage terms. 
This implies a crossover schooling level, at 
which the impact of the minimum wage pro- 
vision on the relevant characteristics of the 
earnings distribution changes sign. Table 2 
gives the crossover schooling levels implied 
by the estimates in Table 1, as well as the 
mean schooling levels for each sample. In 
some cases, the crossover levels are suffi- 
ciently low or high, so that the sign of the 
estimated total impact is the same for virtu- 
ally everyone in the sample; though, of 
course, the estimated magnitude differs de- 
pending on the schooling level. But, in many 
cases, the crossover schooling levels are such 
that substantial proportions of the samples 
are both above and below them, implying 
different signs of effects for those with low 
schooling levels versus those with high 


"Tn our, static model (1981a), the schooling interac- 

tion terms have significant coefficient estimates even 
more frequently. Thus, in the present study, the multi- 
collinearity introduced by the dynamic terms may be 
disguising some additional significant interaction ef- 
fects. . 
'8The two exceptions are the coverage-schooling in- 
teractions in the relation for the proportion of white 
males below the poverty level and in the relation for the 
logarithm of deflated mean earnings for black males. 
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TABLE 2— MEAN SCHOOLING LEVELS AND CROSSOVER SCHOOLING LEVELS 
AT WHICH TOTAL RESPONSES CHANGE SIGN? _ 


White Males 
(S —11.7) 
Dependent Minimum Short Long 
Variable Wage Change Run = Run 
In(Y/GNP/L) W,, 47 44 
; C - - 
In(Y/P) W,, 3 . 8 
C = * 
Var(In Y) W,, 119 ^ 124 
C 10.0 .- 10.0 
Proportion < W,, 129 ` 129 
Poverty Level- C 43. 43 


Black Males White Females = Black Females 
(8-94) (8-115 ° (8-100) 
Short Long Short Long Short Long 
Run Run Run Run Run Run 
3" 3 7.8 80 ` T16 12.8 
- - 7.7 8.0 10.0 10.0 
5.5 5.8 10.2 108 ' 114 11.7 
— 7 - 16.3 16.0 153 . 161 
27:3 26.9 2.7 2.7 2.4 2.4 


14.7 ' 147 48.3 


: * Calculated from estimates in Table I in cases in which the sign of the interaction term coefficient estimate differs 
from that of the linear term. S refers to the sample mean schooling. 


TABLE 3— ESTIMATED RATIOS or LONG-RUN TO SHORT-RUN RESPONSES 
TO CHANGES IN MINIMUM WAGE PROVISIONS FOR FOUR CHARACTERISTICS 
OF EARNINGS DISTRIBUTIONS? 


. : White 
Dependent Variable Males 
In(Y/GNP/L) ° 2.7 
In(Y/P) i 3.2 
Var(InY) . 1.5 
Proportion < 

Poverty Level 5.0 


Black - White Black 
Males Females Females 
1.0 43 24 
1.4 i 5.0 25 ` 
0.7 1.2 17 7 
2.6 33 ir 3.7 


See Section II for definitions of long-run total multipliers. These ratios are calcu- ' 


lated at mean schooling levels. 


schooling levels. For example, for all but 
black males, increases in the minimum wage 
rate tend to compress the distribution of 
earnings for those with low schooling, but 
tend to expand the variance for those with 
higher schooling levels—and the crossover 
schooling levels are close to the sample means 
so substantial numbers are both above and 
below the critical schooling levels. 
Widespread and substantial differences 
between short- and long-run responses: Table 
3 summarizes the estimated ratios of long- to 
short-run responses at the sample mean 
schooling levels. In some cases these ratios 
are relatively small. Noteworthy in this re- 
spect are those for black males (except for 
the proportion below the poverty level) and 
for the variance of the logarithm earnings. 


But frequently the ratios indicate that the 
long-run responses are substantially greater 
than are the short-run responses. Therefore, 
consideration of the short-run responses 
alone, as in most analyses of the.impact of 
minimum wage laws, may understate the ef- 
fects.'? Dynamics. apparently are important 
because of adjustment lags and long-run ef- 
fects of short-term phenomena. As a.result, 
in the majority of cases the estimated long- 
run effects are at least twice the magnitude 
of the short-run effects, and in some cases as 
much as five times as high! 


' POr, if the current static variables represent the 
omitted lagged dynamic ones, the static analysis .may 
understate the adjustment periods. 
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There are also some interesting patterns in 
the distributions of sustained long-term ef- 
fects of minimum wage and FLSA coverage 
on our measures of earnings distributions for 
the mean schooling levels. 

The long-term effects of sustained mini- 
mum wage changes are reached in about 
fifteen years, although the time horizon is 
markedly shorter for black males and black 
females and for the percentage below the 
poverty level. The demographic groups for 
whom the long-term income effects are the 
most positive are white males and females. 
However, the minimum wage does seem to 
have reduced the percentage of black males 
and females with mean schooling below the 
poverty level markedly with very little effect 
on white males. White males and females, 
nevertheless, seem to have benefited the most 
with respect to their level of per capita earn- 
ings relative to black males and females. It is 
also noteworthy that the labor share of GNP 
has been increased by higher minimum wage 
rates since the slight decline for black females 
is much more than offset by the larger in- 
creases for the other three groups. 

The long-term effects of coverage have 
somewhat different patterns than those of 
the minimum wage. As with the minimum 
wage, the long-run effects are fully attained 
in fifteen years. However, extended coverage 
has increased the mean earnings going to 
both black and white females. Moreover, 
‘females seem to have benefited substantially 
from extended coverage in reducing their 
percentage below the poverty level. Further- 
more, coverage seems to have reduced the 
dispersion in the income distribution. The 
var(In Y) is substantially reduced for all but 
white males, whose variance increased mar- 
ginally. Finally, coverage has had a less posi- 
tive impact on the labor share in GNP than 
has the minimum wage rate since the gains 
for females are largely offset by the losses for 
white males. 


IV. Conclusions 


Are dynamics important? Our estimates 
must be qualified because they are based on 
estimated cell moments from truncated earn- 
ings distributions without identification of 
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the underlying structural relations. Subject to 
this caveat, our results indicate that dy- 
namics are very important in understanding 
the impact of minimum wage law provisions 
on earnings distributions. In the majority of 
the cases, the long-run effects are at least 
twice the magnitude of the short-run effects 
and, in many cases, the adjustment periods 
are quite long. The empirical importance of 
dynamics suggests that time is required for 
important labor market adjustments, and 
short-run employment and training impacts 
have longer-run persistent effects. Therefore, 
previous studies with their focus on concur- 
rent “static” effects tend to underestimate 
both the magnitudes and the lags of impacts. 
Moreover, these biases differ among race-sex 
groups and among earnings distribution 
characteristics, so static analysis may not 
even provide a good indication of the relative 
effects of FLSA policies across demographic 
groups or across earnings distributions char- 
acteristics. 

What do the preferred dynamic estimates 
indicate about the pattern of the impact of 
FLSA provisions? There is substantial sup- 
port for the need to distinguish between 
changes in the real minimum wage and 
changes in FLSA coverage, as Mare and 
Winship and Brown, Gilroy, and Kohen 
argue. During the sample period, the effects 
of these two differed significantly, with 
expanded coverage having somewhat broader 
impact. But, in the future, extension of 
coverage will be less important since most of 
the work force currently is covered. 

What are the effects of the minimum wage 
law provisions on earnings distributions?? for 
groups who are the supposed beneficiaries in 
the arguments of many’ advocates— blacks, 
females, the low schooled? The answer to 
this question is mixed. There are some posi- 
tive effects. Expansion of coverage has had a 
strong positive effect for females, a result 
which reinforces that of Gramlich, but con- 
trasts sharply with the conclusion of Linne- 


? Throughout this paper we consider only the distri- 
butions of earnings among those employed in SSA- 
covered occupations. The impact on the earnings of all 
labor force participants may be different, and the im- 
pact on distributions for everyone may be still different 
yet. 
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man on the bases of static estimates which 
focus on the minimum wage ratio alone. 
Increases in the minimum wage ratio have 
reduced the proportions of females and 
blacks below the poverty level, and have 
increased the real mean earnings for white 
females and black males. 

But there also are some important negative 
dimensions to the answer to this question. 
The expansion of coverage has not benefited 
black males. An increase in the minimum 
wage ratio has not increased the real mean 
earnings for black-females, but has done so 
for white males. Most important, generally 
the changes in the FLSA provisions have 
benefited the more schooled relative to the 
less schooled, a finding which reinforces Lin- 
neman's static conclusions in this respect, 
but contrasts with the Kohen and Gilroy 
survey conclusion that there are “beneficial” 
distribution effects. 

Thus, at best, a summary evaluation of the 
impact of federal minimum wage law on the 
earnings of the working poor, the supposed 
beneficiaries, is mixed. In addition, there are 
other probable negative effects pertaining to 
employment and efficiency outside of the 
scope of this study." Moreover it has af- 
fected differentially individuals with identi- 
cal characteristics (except for demographic 
features like race and sex, which legally — and 
in our judgment, morally— should be irrele- 
vant). Thus, we agree with Kohen and Gilroy, 
and with Linneman that federal minimum 
wage policy on net probably has not been 
good policy. 


APPENDIX: DATA 


Many of our variables are from standard 
sources: minimum wage rates and FLSA 
coverage are from the Employment Stan- 
dards Administration; unemployment and 
population are from Current Population Re- 
ports Series P-25 and Bureau of Labor Sta- 
tistics Bulletin No. 2000, respectively; and 
inflation, GNP, and its components come 
from the Survey of Current Business. 


21 For example see Mincer and Linda Leighton (1980), 
Michael Wachter and Jeffrey Perloff (1980), and Richard 
Zeckhauser (1971). 
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Also we utilize the rich new data source 
mentioned in the text: the 1973 CPS-SSA- 
IRS Exact Match sample which provides a 
link between individual characteristics (age, 
race, sex, schooling) from the 1973 CPS and 
SSA annual earnings records for 1951-76. 
We use these data to obtain micro character- 
istics of individuals and to construct our four 
dependent variables relating to the race-sex 
earnings distributions. To construct the de- 
pendent variables, we first aggregate. the 
90,000 individuals into age, race, sex, and 
schooling cells of at least 150 individuals 
each, and then calculate the necessary means, 
variances, and proportions below the poverty 
line for all such cells. The aggregation into 
cells has the advantages of enabling direct 
representation of all of the characteristics of 
the distributions of interest, of controlling 
for schooling and experience within a re- 
duced-form framework (see Section I), and 
of reducing a vast quantity of data (i.e, an 
average of about 15 years of earnings for 
each of the 90,000 individuals) to a more 
manageable size. The cost is that some inter- 
esting details, such as those emphasized by 
Feldstein and Ellwood for male teenagers, 
may be lost. We consider only those cohorts 
for each race-sex group whose year of birth 
was between 1911—34 which yields 26 years 
and up to 63 cross sections. Because of our 
desire to impose the same autoregressive 
parameterization on the error term, we ex-. 
clude those whose year of birth was before 
1911 or after 1934, since their members were 
not normally in the labor force in all years of 
the 26-year period. 

There are two major limitations of these 
data. First, they do not permit the identifica- 
tion of the underlying structural labor market 
supply and demand relations.. We do not 
have separate data on wages and hours, and 
we are not able to distinguish working in 
non-SSA-covered occupations from being 
unemployed or not being in the labor force.” 
We finesse the last problem by assuming that 
SSA-covered employment is a random draw”? 


?2 For an analysis of wage and hours effects in union 
and nonunion sectors vis-à-vis covered and noncovered 
sectors, see Perloff and Sickles (1983). 

23Since 1956 about 90 percent of the labor force has 
been covered by the SSA. The groups not covered by the 
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from the overall earnings distribution and 
use the samples' four moments. 

Second, prior to 1978, the SSA only re- 
corded a person's earnings (from each em- 
ployer) up to the taxable ceiling. The earn- 
ings data therefore are drawn from a trun- 
cated distribution. It is well known that trun- 
cation may cause the estimated moments to 
be biased. A standard way to handle trun- 
cated distributions is to assume that the sam- 
ple is drawn from a particular theoretical 
distribution in which the relationship be- 
tween truncated and nontruncated moments 
are a function of known information. We 
follow this procedure and use the lognormal 
distribution, which several economic studies 
have concluded provides a tolerable fit to the 
earnings distribution, to estimate the full dis- 
tribution moments for each cell.” For fur- 
ther details concerning these data see our 
1981b study. 


REFERENCES 


Anderson, Theodore W. and Hsiao, Cheng, 
“Estimation of Dynamic Models with Er- 
ror Components,” Journal of the American 
Statistical Association, September 1981, 76, 
598-606. 

Behrman, Jere R. and Taubman, Paul, “Redistri- 
bution of Earnings by Unemployment and 
Inflation,” in F. G. Adams and B. Hick- 


SSA range over the income distribution since the U.S. 
government is the single largest exempt employer. Thus 
we doubt that major biases are introduced by this 
assumption. Also see Fritz Scheuren and H. Lock Oh 
(1975). 

**If the distribution is lognormal, the relationships 
between the truncated and full sample are given by 
truncated mean =p —or((c—p)/o) and truncated 
variance = o?(- 1- r((c - #)/o)[((e-p)/o)+ 
r((c — p)/o)]) where r((c — u)/e) = f((c — #)/0)/ 
F((c— p)/9), f, and F are the density and cumulative 
functions of the normal distribution, and p and o? are 
the full sample mean and variance. This system is easy 
to solve for the full sample mean and variance, since the 
term in brackets in the equation for truncated variance 
depends on terms which are transforms of the fraction 
of people below the ceiling. Given the solution of the 
latter equation for o?, it is easy to solve the former 
equation for an estimate of the full mean. 


BEHRMAN ET AL.: IMPACT OF MINIMUM WAGES 777 


man, eds., Global Econometrics: Essays in 

Honor of Lawrence R. Klein, Cambridge: 

MIT Press, 1983. 

, and Sickles, Robin C., (1981a) 

“The Impact of Minimum Wages on the 

Distributions of Earnings for Major Age- 

Race-Sex Groups,” mimeo., Philadelphia: 

University of Pennsylvania, 1981. 

, and , (1981b) “The 
Short- and Long-Run Effects of Minimum 
Wages on the Distribution of Income,” 
Report of the Minimum Wage Study Com- 
mission, Vol. VII: Effects of the Minimum 
Wage on the Distribution of Income, 
Washington: USGPO, 1981, 63-112. 

Behrman, Jere R. et al., Socioeconomic Success: 
A Study of the Effects of Genetic Endow- 
ments, Family Environment, and Schooling, 
Amsterdam: North-Holland, 1980. 

Brown, Charles C., Gilroy, Curtis L. and Kohen, 

. Andrew L, “Time-Series Evidence on the 
Effect of the Minimum Wage on Teenage 
Employment and Unemployment,” Report 
of the Minimum Wage Study Commission, 
Vol. V: Effects of the Minimum Wage on 
Employment and Unemployment, Washing- 
ton: USGPO, 1981. 

— , and , “The Effects of 
the Minimum Wage on Employment and 
Unemployment," Journal of Economic Lit- 
erature, June 1982, 20, 487—528. 

Datcher, Linda P. and Loury, Glenn C., ^The 
Effect of Minimum Wage Legislation 




















on the Distribution of Family Earnings . 


Among Blacks and Whites," Report of the 
Minimum Wage Study Commission, Vol. 
VII: Effects of the Minimum Wage on 
the Distribution of Income, Washington: 
USGPO, 1981, 125-46. 

Feldstein, Martin and Ellwood, David T., 
“Teenage Unemployment: What is the 
Problem?,” in Richard B. Freeman and 
David A. Wise, eds, The Youth Labor 
Market Problem: Its Nature, Cause and 
Consequences, Chicago: University of Chi- 
cago Press, 1982, 17—34. 

Gramlich, Edward M., *Impact of Minimum 
Wages on Other Wages, Employment and 
Family Incomes," Brookings Papers on 
Economic Activity, 2:1976, 409—61. 

Hatanaka, Michio, “An Efficient Two-Step 
Estimator for the Dynamic Adjustment 
Model with Autoregressive Errors,” Jour- 

ec tees 


as” 


f ~ UC 


778. <- THE AMERICAN ECONOMIC REVIEW ~“ 


nal of Econometrics, Sepiember: 1974, 2, 

. 199-220. : 
Kohen, Andrew I. and Gilroy, Curtis L., “The 

.. Minimum Wage, Income Distribution, and. 
Poverty,” Report of the Minimum Wage 
Study. Commission, Vol. VII: Effects of the 
Minimum Wage on the Distribution of In- 
come, Washington: USGPO, 1981, 1-30. 

Linneman, Peter, “The Economic Impacts of 
Minimum Wage Laws: A New Look at an 
Old Question,” Journal of Political Econ- 
omy, June 1982, 90, 443-69. . 

Makridakis, S. and Wheelwright, S; C., Forecast- 
ing Methods and Applications, New York: 
John Wiley & Sons,.1978. 

Mare, Robert D. and Winship, Christopher, 
*Changes in the Relative Labor Force 
Status of Black and White Youths: A Re- 

` view of the Literature,” Working Paper 
No..SR26, University of Wisconsin-Madi- 

. son, 1980. 

Mincer, Jacob, “Unemployment Effects of 

. Minimum Wages,” Journal of Political 
Economy, July 1976, 84, S87-S10S. 

— — — and Leighton, Linda, “The Effects of 
Minimum Wages on Human Capital For- 
mation,” Working Paper No. 441, Na- 


SEPTEMBER 1983 


tional Bureau of: Economic Research, 
Cambridge, 1980. 

Palm, Franz and Zellner, Arnold, “Large Sample 
Estimation and Testing Procedures: for 
Dynamic Equation Systems,” Journal of 
Econometrics, December 1980, 12, 251-83. 

Parsons, Donald O., Poverty and the Minimum 
Wage, Washington: The American Enter- 
prise Institute, 1980. 

Perloff, Jeffrey and. Sickles, Robin C., *FIML 
Estimation .of Union Wage and Hours. 
Differentials in the Construction Industry: 
A Nonlinear Limited Dependent Variable 
Approach,” mimeo., University of Penn- 
sylvania, 1983.  . 

Scheuren, Fritz and Oh, H. Lock, “Fiddling 
Around with .Nonmatches and Mis- 
matches,” Proceedings of the Social Statis- 
tics Section of the American Statistical 
Association, 1975. à 

Wachter, Michael and Perloff, Jeffrey, “The 
Productivity Slowdown: A Labor Prob- 
lem?,” Boston Federal Reserve Bank Con- 
ference Series, June 1980. : 

Zeckhauser, Richard J., “Optimal Mechanisms 
for Income Transfer," American Economic 
Review, June 1971, 61, 324-34. 


The Price-Adjustment Process for Rental Housing 
and the Natural Vacancy Rate 


By KENNETH T. ROSEN AND LAWRENCE B. SMITH* 


Traditional economic and housing market 
analyses have ascribed a close connection 
between excess demand, as reflected in the 
deviation of the actual vacancy rate from 
some long-run normal or optimal vacancy 
rate, and changes in the price of rental hous- 
ing services. This relationship was clearly 
described by David Blank and Louis Win- 
nick (1953), and reiterated by Sherman 
Maisel (1963) and Ray Fair (1972). However, 
neither this relationship nor the determinants 
of the optimal or natural vacancy rate have 
been empirically demonstrated for the United 
States.! Moreover, studies by Frank de Leeuw 
and Nkanta Ekanem (1971), Arthur Eubank 
and C. F. Sirmans (1979) and Ira Lowry 
(1981) question the validity of this price- 
adjustment mechanism. 

In contrast to these studies, this paper 
confirms the view that rental price changes 
are significantly affected by excess supply or 
demand in the rental market. We empirically 
investigate this relationship separately for 
seventeen U.S. cities, by a pooled time-series, 
cross-section analysis. We demonstrate that a 
close relationship exists between variations 
in rental prices and deviations of actual 
vacancy rates from normal vacancy rates. 
We also develop and estimate a cross-section 
model to explain natural vacancy rates, using 
those vacancy rates generated by the price- 
adjustment model. 


*Professor of Economic Analysis and Policy, School 
of Business Administration, 350 Barrows Hall, Univer- 
sity of California, Berkeley, CA 94720, and Professor, 
Department of Economics, University of Toronto, 150 
St. George Street, Toronto, Canada M5S lAI. This 
research was conducted at the Center for Real Estate 
and Urban Economics, University of California-Berke- 
ley, and was funded by the Center and by the Social 
Sciences and Humanities Research Council of Canada, 
Research Award 451-81-2999 to Smith. 

‘Smith (1974) demonstrated a similar relationship 
between the percentage change in rents and the vacancy 
rate for Canada. 
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The paper proceeds as follows. In Section 
I, we develop and show estimates of a model 
of rental price adjustment for the seventeen 
cities, and demonstrate the crucial role played 
by vacancies in the price-adjustment process. 
In Section II, our empirical results are used 
to generate long-run natural or optimal va- 
cancy rates for fourteen of the cities, and a 
model is developed to explain these results. 


I. The Rental Price-Adjustment Process 


The price-adjustment mechanism and the 
rental housing market can be viewed as oper- 
ating in a typical stock-flow manner.? At any 
one time there is a stock of rental housing 
units providing housing services and a de- 
mand for these services. If we assume, as is 
usual? that a standardized unit of housing 
stock yields a unit of housing services during 
each period of time, then the rent is the price 
of the flow of services from one standard 
dwelling unit, and the demand and supply of 
housing services can be considered as the 
demand and supply of units of housing stock. 
Although the size of the standardized rental 
housing stock in any period is increased by 
newly completed or converted rental dwell- 
ings and diminished by removals, demoli- 
tions and depreciation, the annual change in 
the stock is relatively small, and hence the 
stock may be considered as fixed in the short 
run. 

The demand for rental stock is usually 
assumed to depend upon a variety of vari- 
ables including demographic variables (such 
as the number of families, tendency of the 
population to form nonfamily households, 


?Much of the next three paragraphs is based on Fair 
and Smith. 

3See, for example, Richard Muth (1960) and Edgar 
Olsen (1969). 

*Approximately 1.5—2.0 percent a year. 
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and age composition of the population)? 
permanent real disposable income, the price 
of rental accommodation, the user cost of 
owner-occupied housing, the price of alterna- 
tive goods and services, the cost and avail- 
ability of mortgage credit, and consumer 
preferences These demand and supply 
functions interact to determine the level of 
rents and the stock of vacant rental units. 
However, since numerous frictions and im- 
perfections cause the market to adjust slowly, 
the rent level determined through this pro- 
cess may not completely clear the market in 
the sense that actual vacancies. equal the 
normal or optimal vacancies. The natural or 
optimal vacancy rate, analogous to the natu- 
ral unemployment rate, is defined by market 
factors such as the cost of holding inventory, 
search costs, the variability of demand, and 
the costs of recontracting. Market frictions 
` such as high transactions and search costs, 
slow supply responses, credit market imper- 
fections and the existence of long-term con- 
tracts may all impede the quick adjustment 
of rents." If rents are such that the housing 
stock demanded exceeds the available supply 
less the normal level of vacancies, then 
vacancies will be less than normal and up- 


ward pressure will be exerted on rents. This. 


will bring forth new construction and the 
conversion of existing units, as well as reduce 
demand from existing renters. Analogously, 
if rents are such that the housing stock de- 
manded is less than the available supply less 
the normal level of vacancies, vacancies will 
be larger than normal, downward pressure 
‘will be exerted on rents, and new construc- 
tion will be lower than in the market-clearing 
case. The speed at which the market moves 
toward equilibrium depends, among other 
things, upon the supply-side response and 
speed-of-rental price adjustment. This dis- 
cussion implies that the rate of change of 


5For a discussion of the impact of demographic 
variables, see Robert A. Gordon (1956) and Dwight 
Jaffee and Rosen (1979). 

For a discussion of rental demand and tenure choice, 
see Douglas Diamond (1978); Patric Hendershott and 
James Schilling (1981); and Harvey Rosen and Rosen 
(1980). 

"For a discussion of some of these frictions, see 
de Leeuw-Ekanem, Fair, and Maisel. 
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rents depends upon the vacancy rate, and 
that variations in the arguments in the de- 
mand function or the supply will be reflected 
initially in the vacancy rate (although they 
may also exert some direct effect on the rate 
of change in rents over the long term). 


A. The Model 


This discussion can be summarized in an 
empirically testable model as follows. The 
demand for rental housing services and hence 
for the rental. housing stock, D, may be as- 
sumed to be a function of the rent per unit 
of housing services, R; the user cost of home- 
ownership, U; real income per household, Y; 
the price level, P; and demographic vari- 
ables, Z, as set out in 


(1) D — d(R,U,Y, P,Z). 


Since the supply of rental units, S, is as- 
sumed to be fixed in the short run, the level 
of vacancies, VL, is the difference between 
the demand and supply of rental units, as in 


(2) VL-S- D, 


and the vacancy rate, V, is the ratio of the 
number of vacant units to the supply of 
rental units as shown in 


(3) V-VL/S -1-(VS)a(R,U, Y, P, Z). 


The rental price adjustment mechanism is 
set out in equation (4). In this mechanism, 
the excess demand or supply for rental hous- 
ing, defined as deviations in the actual va- 
cancy rate from the natural vacancy rate, 
V". determines variations in the real rent 
within some critical zone of occupancy? The 
rate of change of nominal rents, R, is thus a 
function of the excess demand or supply for 
rental housing and the rate of change of total 
operating expenses, E, where E reflects nom- 
inal price influences on R: 


(4) R=r(E,V"-V). 


®See Blank and Winnick. The specification holds 
only within the normal or critical zone of vacancies 
since the model collapses as vacancies approach zero. 
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If we assume the natural vacancy rate is 
constant over our estimation period for any 
given city, V" may be incorporated into the 
intercept, and the estimating model may be 
written/as 


(5) R=b, +b E — bV. 


Since the market-adjustment lag depends 
upon the supply response and other institu- 
tional arrangements which vary between cit- 
ies,? a variable lag structure was used be- 
tween cities when estimating equation (5). 


B. The Estimated Results 


Equation (5) was estimated for each of the 
séventeen cities? for which a sufficiently 
large data sample was available over the 
period from 1969 to 1980. The results are 
presented in Table 1. 

The data on vacancy rates and expenses 

: were derived from the Institute of Real Estate 
Management, Annual Income / Expense Anal- 
ysis for Apartments. Operating expenses 
were calculated in two stages. First, un- 
weighted averages of the rent per square foot 
and of the operating expenses per square 
foot for four apartment building types (ele- 
vator buildings, low rise buildings with 12—24 
units, low rise buildings with 25 + 
units, and garden-type buildings) were cal- 
culated annually for each city. Second, the 
ratio of these operating expenses to rents was 
then multiplied by the Bureau of Labor Sta- 
tistics index of apartment rents for each city 
to generate an index of apartment building 
operating costs, E, for each city. The vacancy 
variable V for each city was calculated as the 
annual unweighted average of the percentage 
of gross potential income not collected for 
the four apartment building types in the 
Annual Income / Expense Analysis for Apart- 


°These differences arise from a variety of factors 
including differing zoning regulations, planning proce- 
‘dures, and other land use controls. 

Baltimore, Boston, Chicago, Cincinnati, Cleveland, 
Dallas, Denver, Houston, Kansas, Los Angeles, 
Milwaukee, Minneapolis, New York, Philadelphia, Pitts- 
burgh, St. Louis, and Washington. 

!! Data for 1974 were estimated by interpolation since 
the data were not available for that year. 
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ments. Finally, the rental variable R was 
taken directly from the Bureau of Labor 
Statistics index of apartment rents for each 
city. 

The results of our estimation indicate that 
vacancies were significant in explaining the 
percentage change in rents at the 95 percent 
level in thirteen cities (in two additional cit- 
ies, the t-statistics were over one), and were 
insignificant in only two cities. Given the 
relatively small size of the sample for each 
city and the variance in the buildings in- 
cluded in the survey over time, these results 
are relatively impressive. To further test the 
validity of our specifications, the city data 
were pooled and a combined cross-section, 
time-series regression was estimated with city 
dummy variables, D, +- - Die, introduced for 
all but one of the cities. This result, ex- 
cluding the city dummy variables, is shown 
in the last line of Table 1, and strongly 
supports the appropriateness of our model. 
Consequently, our results strongly confirm 
the traditional view that vacancy rates within 
some critical zone of occupancy are pivotal 
in explaining the price of housing services. 


Il. The Natural or Optimal Vacancy Rate 


It has been hypothesized by de Leeuw and 
Ekanem (1971, p. 812) that their failure to 
obtain a significant relationship between 
rents and vacancy rates across metropolitan 
areas could be due to the fact that the varia- 
tion in vacancy rates among metropolitan 
areas reflects differences in the "normal" 
vacancy rates rather than different degrees of 
market tightness. To examine the possibility 
of intercity variations in the natural vacancy 
rate, we used the empirical results in Table 1 
to calculate a natural vacancy rate for each 
city and developed a model to explain these 
rates. 

In a manner analogous to the labor market, 
the housing market requires some normal 
stock of vacant units to facilitate the search 
processes of buyers and sellers in the 
market." These processes and the “ unpre- 


See, for example, Armen Alchian (1970) for a 
discussion of this process in the labor market. 
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* TABLE | —DETERMINANTS OF THE PERCENTAGE CHANGE IN RENT (R) 


Constant E-1 


Baltimore 8.93 .014 
d ' (427) (28) 
Boston : 8.75 ' —,203 
(9.67) . (2.74) 
Chicago , . 5.96 31 
3.78) (2.44) 
Cincinnati .. 236 — 083 
|^ (3:56) (62) 
Cleveland : 10.04 .18 
M (6.20) ` (2.41) 
Dallas: 1.37 , . .16 
(3.27) (1.68) 
Denver 892 ` -08 
poses 7 5) (45) 
Houston “7 16.81 15 
"M - d (2.95) (73) 
Kansas .. 10.06 , — .004*. 
: " (449 . (12) . 
Los Angeles 19.98 04 
(12.37) (85) - 
Milwaukee . 15.79 —.03* 
1 . . (8.21) (.69) 
Minneapolis . — 953 .08 
2. 639 (84) 
New York  " :;/^ 7.57 .002 ` 
Us (14.99) (.08) 
Pittsburgh so 857 094 
(4.29) (92) 
St. Louis ^. 644 © 20 
|. * (3.58) (2.43) 
17-City Pool* ` 9.08 . 05 
(5. 9 e. 58) 


SEPTEMBER 1983 
V-1 R? D-W* y" 
—.61 36 122 133 
(1.99) 
95 66 225 92 
(2.81) 
63 1.58 9.8 
—120 40 1.30 9.8 
-1.78 14 1.46 5.6 
(4.05) à 
— 68 34 . 64 16.7 
(1.81) 
2 >61 O07 32 146 
(1.10) 
46 1.57 14.3 
UE | 20451 1.16 8.8 
-1.23 93 1.92 76 
| 862 
- 25 a7 132 232 
(o Q3) E 
-.87 65 1.09 10.9 
22.62 — 64 62 1.75 6.0 
(1.93) 
~1.00 52 96 8.6 
— 48 64 214 13.4 
—.28 JA 96x = 
(3.16) 


Notes: Values shown i in parentheses are the absolute value of the t-statistic; D-W is the Durbin-Watson statistic; and 


Percent of Change i in Rent is the apenn variable. 
= wrong sign 


‘A Cochrane-Orcutt transformation was used for those’ equations exhibiting serial correlation. Since these 
transformed equations made the calculation of a natural vacancy rate difficult, thé untransformed equations are 


reported here. 


*'The coefficients on the city dummy variables in alphabetical order, excluding Washington, were — 1.54, — 3.05, 


72.60, — 1.72, —3.09, .56, — 1.20, 1.07, —2.82, —.68, —3.43, — 1.77, 


dictability" ot demand. fluctuations lead sup- 
pliers of rental housing to.desire to maintain 
an inventory of unrented units. The optimal 
or natural vacancy rate in any market can be 
defined as that rate at which there is no 


excess demand nor excess supply and hence . 


the rent is at its long-run equilibrium.'? This 
rate is determined by the interaction of opti- 
mal search procedures on the part of house- 
holds Sentehing for dwelling space and land- 


Use Smith, p. 481. 


—2.85, —2.59, —2.15, —2.00. 


lords searching for tenants,'* and by tenant 
turnover and institutional and market char- 
acteristics specific to each city. 

Landlords face an optimizing problem in 
which they seek to maximize net rents 
through setting the gross rent and accepting 
the level of vacancies that rent implies. The 
landlord, by setting gross rent, is sampling a 
probability distribution of potential de- 


V For a discussion of this process in the resale hous- 
ing market, see Peter Chinloy (1980). i 
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manders. Since demand is unpredictable, it 
pays for the landlord to hold some units 
vacant to satisfy this fluctuating demand. 
Since the price structure of competing land- 
lords and set of reservation prices for tenants 
are not known with precision, landlords often 
adjust rents on units as they become vacant, 
and only raise the rents for existing tenants 
once the new rent levels have become pre- 
tested.'> Since rents for existing tenants can 
often be raised only on the expiration of 
their tenancy agreements, a very complex lag 
structure is built into the pricing behavior of 
landlords and hence into the relationship 
between optimal rents and vacancies. Opti- 
mal vacancies clearly serve as a buffer stock 
which prevents the need for continuous rent 
adjustment in a market with demand fluctua- 
tions. 

Households face a comparable optimizing 
problem in which they seek to minimize their 
shelter costs per unit quality of housing 
services, where shelter costs consist not only 
of the rental costs but also the transactions 
and search costs incurred in obtaining the 
dwellings. Since housing units are quite het- 
erogeneous in their characteristics and are 
location specific, potential tenants are forced 
to devote considerable time to the search 
process in order to acquire information as to 
the desired bundle of housing attributes and 
their appropriate value. This search time in- 
creases with the size and complexity of the 
market, and hence search time and the natu- 
ral vacancy rate are likely to increase with 
the size and heterogeneity of the market. The 
degree of market heterogeneity may be re- 
flected in a variety of indicators including 
the degree of racial segmentation and the 
dispersion in rents. 

In addition to the effect of landlord and 
household search behavior, the natural va- 
cancy rate in any market will increase with 
the mobility or market turnover of tenants, 
and will be higher in areas of rapid growth 
where there is relatively more building ahead 
of demand than in areas of slow growth.'® 


“This implies that tenancy discounts will exist 
according to length of tenure. For evidence of this, see 
W. A. V. Clark and Allan Heskin (1982). 

16 This point was suggested by de Leeuw and Ekanem 
(1971, p. 812). 
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An estimate of the natural vacancy rate 
for each city can be determined from the 
empirical results in Table 1. If we assume the 
appropriate estimating specification of equa- 
tion (4) would exclude an intercept, and that 
V" is constant over the estimating period for 
each city, then the intercept in estimating 
equation (5) for each city can be interpreted 
as!” b, = b,V", and the natural vacancy rate 
for each city is b /b,. Assuming this specifi- 
cation, the last column in Table 1 sets out 
the estimated natural vacancy rate for each 
city.!? 

This column shows a large variation in the 
natural vacancy rate between cities, with 
Cleveland and New York having the lowest 
natural vacancy rates at 5.5 and 6.0 percent, 
respectively, and Dallas, Denver, and Hous- 
ton having the highest natural vacancy rates 
at 16.7, 14.6, and 14.3 percent, respectively.'® 
The median vacancy rate was 9.8 percent. 
Although these rates appear high, they are 
reasonable since our measure of vacancies, 
the difference between the gross potential 
total income and the actual income received, 
generates higher vacancy measures than the 
more common measure of the number of 
units vacant at any point in time. This hap- 
pens because our measure includes bad 
debts, uncollectable rents, rental concessions 
and frictional rental losses associated with 
short-period rental losses. or rental commis- 
sions granted on turnover, while these are 
rarely reflected in the common measure of 
vacancies. 

The estimated natural vacancy rates in 
Table 1 can be used to examine the determi- 
nants of the natural vacancy rate on a cross- 
section basis. Since we are focusing on the 
V" between cities, we are examining the de- 


“Alternatively, if we assume that appropriate specifi- 
cation has an intercept, but that the intercept is propor- 
tional to b, across cities, then bọ/b, measures the 
natural vacancy rate plus a given constant for each city. 
In the empirical work that follows, this constant would 
be absorbed in the intercept and the independent vari- 
ables would explain the variance in V" between cities. 

'8The V" could not be determined for Philadelphia 
and Washington, since the model did not hold for these 
cities, 

P? Milwaukee is excluded in this summary because the 
calculated natural vacancy rate seemed unreasonably 


high. 
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terminants of the long-run natural vacancy 
rate. This follows since, regardless of the 
adjustment lag, the fundamental differences 
between cities (such as zoning constraints, 
mobility patterns, racial composition, etc.) 
may: be assumed to have persisted for years, 
and hence to have had sufficient time to have 
affected the market. 

The basic estimating model is set out in 
functional form in equation (6), with the 
anticipated sign indicated above each vari- 
able.? The expected sign of the R variable is 
ambiguous because of its opposite influence 
on landlord and tenant search behavior. 


E ? + ++ 
(6) f" = o( R, RDISP, $ ,RS, 


+ +- = 
M, ASH, APOP), 


where Ñ” is the estimated natural vacancy 
rate calculated from Table 1.?! The variables 
in our estimation are as follows: R is the 
mean level of rents, RDISP is the dispersion 
in rents defined as the percentage standard 
deviation of the mean rent, S is the city size 
in terms of. population, RS is the racial seg- 
mentation defined as the proportion of black 
and Spanish-speaking populations, M is the 
renter mobility rate for the period, 1975—80, 
ASH is the average annual change in the 
total housing stock, and APOP is the average 
annual growth in population. All of these 
data series were derived from the 1980 
Census. The model was empirically tested 
using OLS estimation and the statistically 
best results are presented in Table 2. 

The empirical results support the basic 
model used to explain the natural vacancy 
rate. The results indicate that the natural 
vacancy rate is higher in areas that experi- 
ence a higher degree of turnover. This is as 


20Since this is a cross-sectional model, the rate of 
interest was not included as an explanatory variable. 
However, the interest rate could have a significant in- 
fluence on the cost of vacancies, and hence the natural 
vacancy rate, over time. 

?! philadelphia, Milwaukee, and Washington were ex- 
cluded since a reasonable natural vacancy rate could not 
be calculated. 
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TABLE 2— DETERMINANTS OF THE NATURAL 


VACANCY RATE (V?) . 
Regression 
(1) (2) 
Mobility Rate 214 .306 
. (1975-80) (1.81) (1.95) 
Rent Dispersion 241 265 
(1.97) (2.10) 
Average Rent ~ 139 —.150 
(1980) (2.23) (2.33) 
Change in Housing Stock — 9.38E —06 1.56E —05 
(1970-80) (2.52) (1.99) 
Change in Population — —4.8E —06 
(1970—80) (—.91) 
Constant 15.04 13.41 
(2.17) (1.86) 
R? 004547 .55 
n 14 14 


Note: The absolute values of the t-statistic are shown in 
parentheses. The Natural Vacancy Rate is the depen- 
dent variable. 


anticipated since the higher the turnover rate, 
the higher the proportion of units being 
vacated and households searching for new 
shelter space. Consequently, the higher is the 
vacancy rate required and desired to allow 
the searching procedures to. proceed effi- 
ciently. 

The greater the dispersion in rents, the 
longer the anticipated search, and hence the 
higher the natural vacancy rate. The negative 
coefficient on the rent level indicates that the 
effect of higher rents on landlord opportuni- 
ty costs exceeds the effect of higher rents 
increasing the expected gain for tenants from 
continuing search. 

The significant positive coefficient on the 
growth of the housing stock variable sup- 
ports the de Leeuw and Ekanem hypothesis 
that natural vacancy rates will be higher in 
areas of rapid construction. The negative but 
insignificant sign on the population growth 
variable suggests that more rapid population 
growth reduces the natural vacancy rate once 
the higher rate of construction is taken into 
account. 

Various variable specifications were at- 
tempted to capture a racial segmentation ef- 
fect, including the proportion of black to 
white households, and black and hispanic to 
white households, but the variable was al- 
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ways insignificant. This suggests that seg- 
menting the market may not affect search 
time, possibly because the time required to 
search a given portion of the available market 
is reduced as a result of segmentation re- 
stricting the available universe, which offsets 
the effect of segmentation on restricting 
choice. Similarly, various measures of city 
size (population, total housing stock, rental 
housing stock) were also insignificant in de- 
termining the natural vacancy rate, suggest- 
ing that city size exerted neither economies 
or diseconomies in the search procedure. 


II. Summary 


The preceeding analysis confirms the view 
that within some critical zone of occupancy, 
variations in the vacancy rate around some 
natural rate of vacancy exert a significant 
influence on the rate of change of the price 
of rental housing services. This result con- 
tradicts some recent studies and demon- 
strates that the price adjustment in rental 
housing is in fact sensitive to excess demand 
and supply conditions in the housing market. 
Variations in .the actual vacancy rate were 
shown to be significant in determining the 
percentage change in rents at the 95 percent 
level in thirteen of the seventeen cities ex- 
amined (and at the 90 percent level in fifteen 
of the seventeen cities), and in the pooled 
cross-section, time-series regression over all 
seventeen cities. The percentage change in 
operating expenses was also shown to be 
significant in determining the percentage in- 
crease in rent in most cities and in the pooled 
regression. 

The empirical results were also used to 
calculate the natural vacancy rate for those 
cities for which the model applies. These 
percentage rates showed a large variation 
ranging from lows of 5.5 and 6.0 for Cleve- 
land and New York, respectively, to highs of 
16.7, 14.6, and 14.3 for Dallas, Denver, and 
Houston, respectively. The variation in the 
natural vacancy rate across cities was ex- 
plained by a search model, interacting the 
search behavior of landlords for tenants and 
tenants for dwelling space, and by the 
turnover and growth rates specific to each 
city. The wide but predictable variation in 
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the natural vacancy rate confirms the hy- 
pothesis that much of the variation in vacancy 
rates between cities reflects differences in the 
natural vacancy rates rather than in the de- 
grees of market tightness, and that variations 
in the actual vacancy rate from its long-run 
normal is the appropriate variable for ex- 
plaining the price-adjustment mechanism for 
rental housing markets. 
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On Commons and Tragedies 


By RICHARD CORNES AND TODD SANDLER* 


A wide range of market failures can be 
classified as “problems of the commons,” in 
which a scarce fixed factor is not imputed a 
rent. Common property examples include, 
among others, fisheries, oil pools, hunting 
grounds, and the resources of outer space. 
Traditionally, common property analyses 
demonstrate the overexploitation of the 
scarce fixed resource; the average product of 
the variable input, not its marginal product, 
is equated to the input’s rental rate when 
access is free and the number of exploiters is 
large.! At such a Nash equilibrium, rents of 
the variable factor drop to zero which limits 
the commons’ overuse (Robert Haveman, 
1973). 

The purpose here is to extend the study of 
the commons to allow for a nonzero conjec- 
tural variation regarding what one exploiter 
thinks will be the effect of his exploitation 
on the exploitation efforts of others. Thus, 
non-Nash behavior is applied. The resulting 
analysis indicates that the degree of over- or 
underexploitation of the commons depends 
on the particular conjecture and the underly- 
ing technology. For a representative com- 
mons model, we show that consistent conjec- 
tures, those that conform with reality, cannot 
characterize standard Nash equilibria. Addi- 
tionally, non-Nash behavior is shown to be 
inconsistent in all but one case, a case corre- 
sponding to zero profits even in the instance 
of a finite number of firms. 

In Section I, Nash and Pareto equilibria 
for the commons are contrasted. Non-Nash 
equilibria are examined in Section II, and the 


*Department of Economics, The Faculties, Australian 
National University, Box 4, Canberra, ACT 2600, and 
Department of Economics, University of Wyoming, Box 
3985, Laramie, WY 82071. An earlier version of this 
article was written while Sandler was a Visiting Fellow 
at the Australian National University. While assuming 
sole responsibility for any remaining shortcomings, we 
acknowledge the helpful comments of a referee. 

'See, for example, Partha Dasgupta and Geoffrey 
Heal (1979, p. 61), Martin Weitzman (1974, p. 225), and 
Robert Dorfman (1974). 
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influence of group size is investigated in 
Section III. The consistency of expectations 
and conclusions are contained in Sections IV 
and V. 


I. Isoprofit Curves: Nash and Pareto Equilibria 


The industry consists of profit-maximizing 
firms, each of which has access to an exoge- 
nously fixed, common property resource. 
Each firm combines a single private input to 
the services of the commons so as to produce 
a single output. Henceforth, we shall refer to 
common property as a fishing ground, the 
inputs as fishing vessels, and the output as 
fish. With the size of the fishing ground 
given, the total catch, C, depends solely on 
the size of the total fleet, R. The implied 
production function exhibits diminishing re- 
turns to vessels: 


(1) C» F(R), F(R)»0, F'(R) «0. 


Both fish and vessels command an exoge- 
nously fixed price: the price of fish is unity, 
while that of a vessel is p. 

Within this setting, we now model the 
environment of an individual firm. Its output 
and input levels are denoted by c and r, 
respectively, and we assume that the 
boundary of its production possibility set is 
defined by a twice-differentiable function: 


Q) c= f(r, R), 


where R = R — r is the size of the rest of the 
fleet which plies the fishing ground. Equa- 
tion (2) is appropriate for the commons, 
since it highlights the dependence of an indi- 
vidual firm's production on the actions of 
the rest of the industry.? 

Most discussions of the commons assume 
that each firm's share of total output equals 


?On the production side, the model here is similar to 
that used in Dasgupta and Heal (ch. 3) and in Weitz- 
man. 
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its share of the total employment of the 
private input. This imposes additional struc- 
ture on f(r, R), which becomes 


(3) f(r, R)=[r/(r + R)] Fr R) 
= (r/R)F(R). 


This formulation is consistent with the fish 
being evenly distributed throughout the fish- 
ing grounds, so that each vessel makes the 
same catch. One may think of this as the case 
of *pure" common property. 

We will continue to refer to the firm's 
technology in terms of the general function 
f(r, R), however, at two points, we appeal 
explicitly to the structure embodied in (3). 
For some common property problems, al- 
ternative production structures may be more 
appropriate. 

The Pareto optimal solution for the com- 
mons is found by choosing the industry fleet 
size that maximizes total industry profit, IT. 
The maximand is 


(4) II(R) = F(R)- pR. 


The optimal value of R, R*, is uniquely de- 
termined by the first-order condition, F'(R) 
= p, being independent of the distribution of 
catch between firms. 

This solution is illustrated in Figure 1 
where isoprofit contours, 7,7, and mym, show 
the combinations of r and R corresponding 
to a constant profit level for the firm.? Lower 
isoprofit contours represent greater profit 
levels since for a given r value, R is less; 
thus, profits of m7, profits of mm,. The 
45° locus, PP, depicts the Pareto optimal 
points, showing all combinations r and R 
whose sum is R*. 

The Nash equilibria correspond to those 
r* where the individual firm maximizes its 
profits while treating R as given. The firm's 
problem, then, is to 


(5) Max ( f(r, R)- pr). 


3We should note at the outset that the profit function 
T(r, R) is not necessarily quasi concave. However, fur- 
ther restrictions may be imposed which are sufficient for 
quasi concavity, and these we impose. 
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FIGURE 1. NASH AND PARETO EQUILIBRIA 


This is accomplished by hiring vessels up to 
the point at which p = f(r, R). In Figure 1, 
the Nash solutions, generated by varying R 
parametrically, lie along NN which connects 
the maxima of the isoprofit contours. This 
follows because the isoprofit contour's slope 
is (p— fX. fg. The slope of the Nash Teac- 
tion path is, however, 
(6 .  dŘ/dr=- f, f. 
Furthermore, when R=0, Nash behavior 
implies the same level of r* as does industry 
profit maximization; that is, under monop- 
oly, the firm is the industry. Thus, points P 
and N correspond to one another on the 
horizontal axis. If the firm's production 
function is that in (3), then the slope of the 
Nash reaction curve is greater in absolute 
terms than that of the industry profit-maxi- 
mizing locus PP. To demonstrate this, dif- 
ferentiate (3) to give 


f," F(R)* (R/R)LF(R)/R - F(R)]. 
Recalling that R = Š + r, it immediately fol- 
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lows that 


jsp LF(R/R - F(R)] .. 


The derivative fz, then, is a numerically 
smaller negative number than f,, so that 
at any point on the Nash reaction curve 
idR /dr| » 1. 


I. Hybrid or Non-Nash Behavior 
A. A General Formulation 


By hybrid behavior we refer to maximizing 
behavior predicated on conjectures that one 
exploiter holds with respect to the way in 
which the other exploiters will respond to his 
own fishing efforts. In the standard common 
property model, these conjectures are absent; 
the other exploiters' level of fishing activity 
is taken as given (or exogenous) and in- 
dependent of one's own maximizing activity. 
The existence of a positively (negatively) 
sloped Nash reaction path shows, however, 
that such a zero conjectural variation as- 
sumption is not consistent with reality. 

A general formulation for hybrid behav- 
ior is 
(7) dR*/dr = g(8, r), 
where 8 is a parameter (or vector of parame- 


ters), representing the other exploiters' (an- 
ticipated) responsiveness to the exploiter's 


own fishing activity. In (7), the conjectured - 


response depends on the exploiter's fleet size. 
Generally, (7) can be integrated to give an 
endogenous relationship for R*: 


(8) R* = R*(6,r, K), 


where K is a constant of integration, depen- 
dent on the rest of the fishing firms' initial 
fleet size. Other representations for the con- 
jectural variations are possible, provided that 
the implied differential equation is integra- 
ble; thus, Š itself may be an argument. 

The introduction of anticipations does not 
alter the Pareto optimality conditions, since 
presumably the joint profit-maximizing 
assumption already internalizes all expecta- 
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tions. In contrast, the introduction of non- 
zero conjectural variations affects the first- 
and second-order conditions for the firm's 
profit-maximizing behavior. The firm now 
chooses its fleet size to 


Max (f [r, R'(6. r, K)]- pr). 


which depends on its own fleet size and the 
conjectured fleet size for the rest of the firms. 
The first-order condition* requires 


(9) f, + fg dR*/dr = p, 


which degenerates to the Nash solution only 
when conjectural variations are zero. When, 
however, dR*/dr is positive (implying that 
one's own increased fishing effort is expected 
to induce others to follow suit) the firm's 
optimal fleet and the commons' tragedy will 
be less than that implied by the standard 
solution since p — f, > 0 in (9). For negative 
conjectures, the firm's optimal fleet exceeds 
those of the standard solution; the tragedy of 
the commons is intensified. 

The above analysis and solution are dis- 
played for the representative firm in Figure 
2, where three isoprofit curves are shown. 
Curves K,R*, KR, and K,R* represent 
three endogenous paths for R*, each of which 
differs by the initial fleet size for the rest of 
the fishing firms. The slopes of these con- 
tours, dR*/ dr, are the conjectural variations 
given in (7). The locus of tangencies between 
the isoprofit curves and the expectations 
contours trace oùt a hybrid reaction path, 
HH, for the representative firm.’ 

The dashed path, H'H"', is the hybrid path 
when conjectures are negative; the repre- 


4If the first-order condition is to represent optimal 
behavior, a second-order condition must also hold. This 
latter condition requires that, in the neighborhood of the 
point characterized by (9), that the expectations contour 
described in (8) and shown in Figure 2 have an opposite 
convexity to that of the isoprofit.curves or, in the case of 
identical kinds of convexity, that the expectations con- 
tours have less curvature than the isoprofit curves. 

5 This follows from a rearrangement of (9) to give 


(p — f,)/fs« = dR'/dr, 


where the two sides correspond to the slope of the 
isoprofit and expectations contours, respectively. 
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FIGURE 2. HYBRID REACTION PATHS 


sentative firm expects others to decrease their 
activity in response to its own activity. As 
shọwn in Figure 2, the hybrid. reaction path 
for positive conjectures lies to left of the 
Nash path, while that for negative conjec- 
tures lies to the right. The hybrid path's 


relative position vis-à-vis the Pareto path. 


depends on both the curvature (hence third- 
order partials) of the profit surface and the 
shape of the expectations contours; no gen- 
eral statement is possible at this juncture. 


B. A Specific Illustration 


An interesting variety of behaviors can be 
displayed with the following specific formu- 
lation of the conjectural variation: 


(10) dR*/dr = (r/R)'. 


In (10), the firm anticipates that its increased 
fishing efforts will induce others to follow; in 
particular, the larger is the industry's size 
relative to that of the firm, the smaller is the 
anticipated response. When there are n iden- 
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P 


FIGURE 3. IDENTICAL FIRMS dR*/dr = (n — 1)" 


tical firms, the formulation in (10) becomes 
(11) dR?/dr = (n —1) °, 


thus permitting industry size, n, to be related 
to suboptimality. The first-order condition 
implied by (11) is 


(2  (r-£YMfge 7 (n-1) *. 


Figure 3 illustrates the specific formula- 
tion for three different values of 0. Equilibria 
can be found as the number of firms varies 
by focusing on tangencies (for Pareto points) 
and maxima (for Nash points) along differ- 
ent rays from the origin. For example, a ray 
with a slope of 1 corresponds to n = 2, since 
R/r —1; a ray with a slope of 2 relates to 
n = 3, since R /r = 2; and so on. Pareto opti- 
mal points for different industry sizes lie 
along PP, whereas Nash equilibria are on 
NP. Subscripts indicate group size. The ratio 
ON;/OP, expresses an “index of tragedy": 
ratios greater than 1 correspond to a mis- 
allocation, where large ratios imply greater 
inefficiency. 
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Hybrid equilibria can also be found along 
these rays. When 0 —1, the dashed path in 
Figure 3 is the hybrid path. Points along it 
satisfy (12), and hence refer to tangencies 
between the expectation contour and the iso- 
profit curve. The hybrid equilibrium for n = 
3, for example, corresponds to the lowest 
isoprofit curve with slope 1/2 on the ray 
with slope 2. The dotted path is the hybrid 
path for 0 — 2 and displays a faster conver- 
gence to Nash behavior as industry size grows 
than that associated with the dashed path. 
This formulation contains the following im- 
plications: 1) values of 0 21 imply a conver- 
gence to Nash behavior as industry size 
grows; 2) the larger is 0 (provided that 0 > 1) 
the faster is this convergence; and 3) 8 = —1 
indicates Pareto optimal behavior, regardless 
of industry size. 


HI. On the Influence of Group Size 


Using the production structure of (3) we 
can analytically display the influence of 
group size for the symmetric case. Each firm 
now chooses its fleet size to 


Max (r/[r + R*(8,r, K)]) 
(Ir Re(-)]— pr). 
The first-order condition requires 
(13) F(R)/R— (14 dR'/dr)/n 
x[F(R)/R - F(R)] =p, 


where. R =r + R° represents the anticipated 
catch of the commons. If, for example, 
dR*/dr =0, then as n goes to infinity, the 
average product of vessels is equated to ves- 
sel rental rates; the model then generates the 
traditional Nash solution. This conventional 
result is clearly seen to depend on atomistic 
competition and would not necessarily char- 
acterize commons shared by a finite number 
of firms. . 

When dR*/dr = n — 1, so that a firm fully 
anticipates that others will act as they do, 
(13) indicates that the (industry’s) vessels’ 
marginal product will then be equated to the 
rental rate (i.e., F'(R) — p). Pareto optimal- 
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ity results since the effects on the unpaid - 
input (the commons) is fully internalized 
through anticipations. 

For hybrid behavior, (13) shows that the 
influence of anticipations may dissipate 
rapidly when industry size increases. Such is 
the case whenever (1+ dR*/dr) increases at 
a slower rate than n as n gets large (for 
example, dR*/dr— n",a <1). When, how- 
ever, expectations are a linear function of n, 
as they are when dR*/dr —n-—1, the in- 
fluence of anticipations do not diminish with 
group size. In the specific case presented in 
Section II, increases in group size reinforces 
the reduced effects of anticipations as n in- 
creases whenever 01. If n is small, an- 
ticipations can be quite crucial in determin- 
ing equilibrium. 


IV. Equilibrium and Consistent Conjectures 


For Nash and non-Nash behavior, conjec- 
tures are consistent when they conform to 
reality. We follow the oligopoly literature 
(for example, Timothy Bresnahan, 1981; and 
Martin Perry, 1982) by defining a conjectural 
variation as consistent if it is identical to the 
optimal (actual) response of the other agent(s) 
in a neighborhood of the equilibrium based 
upon the conjecture. Thus, for two firms, a 
conjecture is consistent when, at the equi- 
librium, the slope of each firm's reaction 
path equals the corresponding conjectural 
variation held by the other firms. 

In the model of Section I, it turns out that 
a Nash equilibrium cannot be consistent. 
Consistency requires that the conjectured re- 
sponse of the representative agent— which is 
zero in the Nash model— should equal his 
actual response. In Figure 1, this means that 
Nash reaction curve NN should be vertical in 
the neighborhood of equilibrium. But we 
know from (6) that this can only happen if 
f.g 7 9. So long as there is interdependence, 
which typifies the commons, the Nash reac- 
tion must have a finite slope. 

One might hope that when the class of 
models is enlarged by admitting nonzero 
conjectural variations, a consistent conjec- 
tures equilibrium becomes a possibility. In- 
terestingly enough, one can show that such 
an equilibrium fails to exist even within this 
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broader class of models of common property 
for any value of dR*/dr, except for minus 
one. This is demonstrated elsewhere? for 
symmetric equilibrium by setting the conjec- 
tural variation, o — dR*/dr, equal to the slope 
of the hybrid reaction path, and then show- 
ing that o must equal — 1. 

What other features does such a consistent 
equilibrium possess? To begin with, we note 
that so long as the average product exceeds 
price, so that positive profits are made by 
existing firms, such an equilibrium cannot be 
sustained. If an individual firm expects the 
rest of the industry to reduce its input by one 
unit in response to a one unit increase in the 
firm's input, so that industry output will 
remain unchanged, then it will pay the firm 
to increase its fleet size, since its profit is 


a(r, R) - (r/R)F(R)- pr. 


"Therefore, the effect on its profit in response 
to its own fleet size is 


On/ Or = F(R)/R — p. 


Thus, the consistent conjectural equilibrium 
requires zero profits. This is particularly in- 
teresting since it is relevant in the compet- 
itive case in which, in the absence of fixed 
costs and barriers to entry, additional firms 
will be persuaded to exploit the common 
property up to that point where average 
product equals price and profits are 
eliminated. 


V. Conclusions 


This article has introduced oligopoly-like 
reactions into the analysis of the commons 


®The proof is in a longer version of this article, 
available upon request from either author. 
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by allowing agents to perceive an interdepen- 
dence between their actions and those of 
others. This nonzero conjectural variation is 
crucial in determining the degree of misallo- 
cation associated with the commons. Our 
analysis of conjectural consistency has led to 
an interesting conclusion: if there is more 
than one firm exploiting the commons, con- 
sistency involves exploitation up to the point 
where profits are zero. This is so even if 
entry is restricted to a finite number of firms. 
The Nash equilibrium, while it suggests over- 
exploitation of the resource, generates a less 
pessimistic prediction than does the con- 
sistent conjectures equilibrium. In this latter 
context, two is a large number. 
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Frameworks for Analyzing the Effects of Risk and 
Environmental Regulations on Productivity 


By W. Kip Viscusi* 


Although regulatory agencies have pro- 
mulgated health, safety, and environmental 
regulations largely on the basis of their pre- 
sumed benefits, the adverse economic effects 
of these policies are becoming an increas- 
ingly prominent concern. A series of studies 
has linked these regulations to the productiv- 
ity slowdown, inflation, and unemployment.! 
Significant economic effects of this type 
should be expected since the present value of 
the costs associated with major risk and en- 
vironmental regulations proposed between 
1975 and 1980 was $332.2-$846.5 billion.” 
These cost impacts are both quite large and 
highly variable. My concern in this paper is 
with how both the level of these costs and 
their uncertainty affect productivity.’ 

The existence of a negative relationship 
between the regulatory burden and capital 
investments, and consequently productivity, 
is not controversial. A conventional model of 
this type is developed in Section I. If, how- 
ever, these regulations change over time and 
firms’ investment decisions are irreversible, 
there will be additional distortions, as shown 
in Section II. In Section III, I show that 
uncertainty regarding these regulatory 
changes exacerbates the adverse productivity 
effects even for risk-neutral firms. 


*Professor and Director, Center for Study of Busi- 
ness Regulation, Fuqua School of Business, Duke Uni- 
versity, Durham, NC 27706. This research was sup- 
ported in part by the Center for Study of Business 
Regulation. 

lThese studies include Edward Denison (1978), 
Robert Haveman and Gregory Christainsen (1980) 
Marvin Kosters (1980), Paul MacAvoy (1979), Peter 
Pashigian (1981), and Paul Portney (1980). 

?| present this estimate in my 1983 study. 

3The role of regulatory uncertainty is often stressed 
by businessmen. As George P. Shultz observed, it intro- 
duces “a real wild card in investment decisions" (1980, 


p. 14). 
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I. Regulatory Impacts with Reversible 
Investments 


If firms’ investments are completely re- 
versible, we can treat the firm as if it were 
renting capital on a period-by-period basis. 
This can be done using either a single period 
model, or, in a multiperiod context, by as- 
suming that the firm is myopic. In this sec- 
tion, I develop a fairly conventional model of 
this type to establish a point of reference for 
the subsequent results. Consider firms with 
two choice variables, the output level q and 
the quality level z, which will be scaled 
without loss of generality so that z is in the 
interval [0, 1], where higher values of z repre- 
sent higher quality levels. For risk regula- 
tions, the value of 1— z represents the risk 
level per unit of output, such as the product 
failure probability or the injury rate per 
worker.* For environmental situations, 1 — z 
can be viewed as the level of pollution per 
unit of output. 

The firm sells its output at a price v, and 
incurs production costs C(q), where C(q) > 
0, C’>0, and C”>0. Raising the quality 
level z is also costly, with the unit cost of 
producing quality z being. given by G(z), 
where G(z) > 0, G’> 0, and G” > 0. Finally, 
firms are penalized x per unit of risk or 
pollution, so that the overall regulatory 
penalty is xq(1— z). The value of x repre- 
sents the total quality-related penalty, in- 
cluding rewards transmitted through market 
forces, but for concreteness I will treat the 
entire value of x as a policy parameter. If x 
reflects the value society places on each unit 
of quality, the regulatory policy will lead to 
an efficient outcome. The financial incen- 
tives imposed by workers’ compensation sys- 


*In the case of job safety, one can easily modify the 
formulation below so that the firm picks the number of 
workers L rather than the output level q. 
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tems or by proposed pollution tax policies 
best'fit this structure. The model is also 
applicable to standards policies for which the 
penalties are linked to the extent of noncom- 
plicance once we reinterpret z as the degree 
of regulatory compliance.? 

Firms consequently select the level of q 
and z to maximize profits 7°, or they 


(1) 
Maxe® = vg — C(a)- qG(z)- xa(1— z), 


yielding first-order conditions that reduce to® 
(2) C'-o—G(z)—-x(1- z); 
(3) G'— x. 


For given quality level z, the regulation 
lowers the marginal benefits of production 
(or raises the marginal costs if one rearranges 
equation (2)) lowering the optimal output 
level. As equation (3) implies, the optimal 
quality level is set where its unit cost equals 
the regulatory penalty x. Finally, more strin- 
gent regulatory penalties will raise the overall 
quality level and depress output, as 


z/dx -1/G" » 0 


and = 0g/Ox-— —(1—z)/C" <0. 


II. Irreversible Decisions and Changes 
in Regulatory Policies 


If there are no impediments to changes in 
the firm's decisions, shifts in regulatory 
policies can be assessed using a one-period 
model as in Section I. Firms usually have 
much more limited discretion. Modifications 
in plant capacity, particularly in the down- 
ward direction, are typically quite costly due 


>The only additional complication is that corner 
solutions play a more important role in the case of 
standards. For firms that choose complete compliance, 
the penalty term involving z drops out of the analysis, 
but the unit cost terms remain, where an optimizing firm 
will set z at the minimal level to ensure compliance in 
this instance. 

©The second-order conditions are also satisfied since 
m5, € 0, Mz < 0, and aoma — (mg)?  qC"G'» 0. 
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to the specialized nature of the capital stock, 
transactions costs involved in its resale, and 
the absence of a strong resale market. Simi- 
larly, once a firm has complied with risk and 
environmental regulations by, for example, 
installing a ventilation system to control 
hazardous fumes, the costs of compliance 
represent a sunk cost that cannot be readily 
recovered. 

Although the degree of inflexibility spans 
a continuum of possibilities, both in the up- 
ward and downward directions, I will focus 
on irreversibilities, where there is complete 
downward inflexibility in the enterprise's de- 
cision. Under this formulation, which was 
introduced by Kenneth Arrow (1968), the 
firm cannot reduce past capital investments, 
but it is free to augment these investments. 
This asymmetric approach is intended to be 
an approximation to the greater difficulties 
associated with decreasing past investments. 
While these investments may not be char- 
acterized by complete downward inflexibil- 
ity, as the transactions costs of disinvestment 
increase, the results approach those under 
strict irreversibility. 

Consider firms making decisions in a two- 
period model. Since in a single period, C(q) 
and G(z) represented the capital stock rental 
costs for one period, I will treat the role of 
irreversibility as making the first-period 
choice of q and z tantamount to a rental 
commitment that it cannot reduce.’ If we 
denote the two periods by subscripts i, where 
i=1,2, the irreversibility assumption is that 
q2 > q, and z, >z, Once an enterprise se- 
lects an output or quality level, it cannot re- 
duce it. 


A. Increasing Regulatory Stringency 


Suppose that firms are aware that the 
regulatory penalty will rise from x in period 
1 to x* in period 2, where x* > x. Regulatory 
policies.that are phased in over several years 
have this character, as policymakers attempt 


7In a two-period model, this approach gives much 
more realistic results than examining actual capital in- 
vestments since investments in the first period will have 
a longer useful life. In addition, as in the case of Arrow's 
analysis (p. 5), I will abstract from the influence of 
depreciation since it plays no essential role: 
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to ease the adjustment burdens on the af- 
fected industries. Increasing the regulatory 
penalty will enhance the attractiveness of 
quality investments and will diminish the 
incentive to make capacity investments by 
raising the regulatory burden per unit of 
output. Since the firm cannot reduce its out- 
put level, it will remain at whatever level is 
selected in period 1, or 


(4) 4174. 


An optimizing firm will, however, raise z in 
the second period. The cost functions remain 
the same as before, but I will sometimes use 
the notation G; to denote G(z,), and simi- 
larly C, for C(q;). 

I will follow the usual dynamic pro- 
gramming approach of considering the deci- 
sions in the second period, given the first- 
period choices, and then work backwards to 
analyze the optimal first-period choices. The 
value of z, is picked to maximize the profits 
a* in the second period, or 


Max T* = og, — C(q) 
22 


- qG(2.)—x*q,(1— z;), 
yielding 
(5) G;-x*. 


This equation, which is the second-period 
analogue of equation (3), indicates the opti- 
mal z, level as a function of x*. Equation (5) 
thus implicitly defines a function Z(x*), 
which gives the optimal value of z, as a 
function of x*, where Z’>0. It is note- 
worthy that z, depends only on x* and not 
on any other parameters or on any decisions 
in period 1. The optimal decisions in period 
2 are defined by equations (4) and (5). 

The task in period 1 is to maximize dis- 
counted expected profits 7, where the dis- 
count factor f is the inverse of one plus the 
interest rate. The values of g, and z, are 
selected to 


Max = 0qi— C(q))- qiGGG)- xq (1 = zn) 


qi 


+ B[vai —- C(q)-4,G(Z)- x*a(1- Z)], 
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leading to first-order conditions that can be 
rewritten as 


(6) Gi =x; 
(7) Ci-v 
2 GU t x(1- 2) BG, + Bx*(1- Z) 


1+8 


As regulations become more stringent, ide- 
ally firms would like to expand their quality 
investment and diminish their capacity in- 
vestment. The increase in the quality invest- 
ment is feasible, as firms select z; on a myopic 
basis in each period (equations (5) and (6)) 
based on the regulatory penalty and margin- 
al investment costs. These quality invest- 
ments are independent of the output level so 
that the first-order conditions are not mutu- 
ally dependent; the z, values affect capacity, 
but there is no reverse linkage. Since capac- 
ity investments cannot be diminished, there 
is no additional investment in period 2, and 
the capacity level for both periods is selected 
in period 1 to satisfy equation (7). 

The fundamental concern here is how the 
resulting capacity investment levels compare 
with those under the reversible cases. Be- 
cause of the recursive nature of the results 
(i.e., the z; influence q, but are not affected 
by it), this relationship hinges only on the 
capacity investment first-order conditions. 
The condition that the terms on the right 
side of equation (2) exceed the right side of 
equation (7) reduces to 


G(z(x))* x(1- z(x)) 
«G(Z(x*))*x*(1- Z(x*)) =H, 


or showing that the quality-related costs per 
unit of output are greater in situations in 
which x is increased to x* than in one-period 
problems. To prove that H is increasing in x 
differentiate and apply the envelope theo- 
rem, yielding f 


(8) dH/dx* -1— Z » 0. 


The prospect of tighter regulations depresses 
the value of g,, compared with the reversible 
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case, as the expression on the right-hand side 
of equation (2) always exceeds the compara- 
ble terms in equation (7). 

Upon total differentiation of equations (6) 
and (7), it can be shown that 


az, / 0B = 0z,/0x* — 0, 
0q,/0B «0, and dq,/dx*<0. 


The policy shift in period 2 does not alter z;, 
but it does depress the optimal output level. 
An enterprise facing a schedule of increas- 
ingly stringent regulations will reduce its ini- 
tial output level and be myopic in its quality 
investments. Increasing the discount factor 
places a greater weight on these second- 
period choices, leading to a reduction in the 
output level. 


B. Decreasing Regulatory Stringency 


When regulations are loosened rather than 
tightened, there are many similarities in the 
technical aspects of the analysis, but some 
significant differences in the nature of the 
results. If the penalty falls from x to x, in 
period 2, where x > x,, the firm cannot re- 
duce z, so that z, = z,, but it can increase its 
output level. It will do this in period 2 to 
maximize second-period profits 7 ,, or 


Manga = oq; — C(q;)- qG (21) 
2 

rg x«q;(1 = 2); 
yielding 
(9) G=v-G,-x,(1-2,). 


Equation (9) implictly defines the optimal 
q, as a function of x, and z,, where 


0q,/ 0x, <9; 
and  0q;/0z,—- (x,— Gj) /Ci « 0. 


This relationship will be denoted by 
Q(X, zi). The effect of z, on q, involves two 


*This result also implies that in the case of corner 
solutions in which the quality level is 1, there will be no 
effect of more stringent regulations on either the output 
or quality level since 1 — z equals zero once quality hits 
'the maximum level. 
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competing effects. I will show below that the 
marginal penalty x, per unit of quality is 
smaller than the increased unit cost of qual- 
ity G{ at the optimal z,. This gap arises since 
the firm will overinvest in z, in period 1 
relative to the quality investment it would 
have chosen if the penalty were always x,. 
As a result, the high quality investment com- 
mitment from period 1 depresses output in 
period 2 since the marginal costs imposed by 
z, exceed the marginal reduction in regula- 
tory penalties in period 2. 
The decision in period 1 is to 


Max ** 
21 


= 0g, — C(q) - 1G (2,)— xa (1- 21) 

+ B[vQ—C(Q)—-QG(z,)—x4Q(1-2)], 
leading to the first-order conditions | 

(10 «v*-0-o-Ci-G,-x(1- 2); 
(1) s*-0--46i*x4 


+ BQ(x,— Gi). 


Equation (10) is equivalent to the results for 
the myopic case in equation (2), for fixed 
values of quality z,. Comparing equations (9) 
and (10), it is clear that as the regulatory 
penalty is loosened from x to x,, the incen- 
tive to expand output in period 2 is increased 
since the only terms that change will be the 
choice variable q, (through C;) and the regu- 
latory penalty per unit of output, which falls 
from x(1— zj) to x4(1— z,). 

Rewriting equation (11) in terms of the 
marginal investment cost yields 


(12) Gi= (xq, + Bx4Q)/(ai* BQ) <x, 


since x, « x. Compared to the myopic qual- 
ity choice in equation (3), the firm always 
underinvests in quality if the regulation will 
be loosened. This effect arises from a desire 
to prevent having overinvested in quality 
from the standpoint of the second period's 
regulatory policy in a situation in which in- 
vestment decisions are irreversible. 
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Assuming the second-order conditions are 
fulfilled? the effect of a relaxation of the 
regulatory policy can be summarized as fol- 
lows: 


ðq 02, 


>0; = <0; >0; —«0. 


8B 88 


Higher values of B, which reflect a greater 
weight on second-period decisions, depress 
both forms of investment. The x, results 
differ from those for situations of increasing 
regulatory stringency since the second-period 
penalty affects z, as well as q,. This dif- 
ference arises because: the firm no longer 
chooses z, myopically but must make a per- 
manent quality investment commitment in 
period 1. This commitment is dependent on 
the penalty levels and capacity choices in 
both periods. Increases in the second-period 
x4 boost the quality commitment z,. Unlike 
the situation of increasing regulatory strin- 
gency, there is no direct effect of x, on q; 
since the irreversibility contraint on capacity 
investments is not binding, as the firm will 
increase its output in period 2. Since z, af- 
fects qı, however, there is an indirect effect 
of x, on q,. The higher z, values induced by 
increases in x, reduce the marginal regula- 
tory penalties on output, so that increases in 
x, also enhance the incentives for capacity 
investments. 

The parallels with the situation of increas- 
ing regulatory stringency are clearer if one 
views these policies in terms of departures 
from the initial policy x. The more x, is 
lowered below the initial penalty level, the 
more both q, and z, will be depressed. Simi- 
larly, the more x* exceeds x, the greater will 
be the reduction in q,. All shifts in regula- 
tory policy depress the initial output level. In 
the case of increasingly stringent regulations, 
it is because firms underinvest to avoid an 
irreversible commitment to a level of produc- 
tion that will. subsequently be inefficiently 
large; in the case of regulations being relaxed 
it is the feedback effect of reduced quality 
investments that diminishes output. In- 


ium 


OX» 


ĉa 
OX » 


?This requirement is that C} [Gq ~Q, (xx Gi) 
* BG/'Q1-(G| — x)? > 0, where Qz, = (x~ G)/ CZ. 
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creasing the weight B on the second-period 
decisions always reduces both q, and z, when 
there is a shift in regulatory policies. 

One might have expected that a known 
regulatory policy change would have in- 
fluenced only one of the two forms of irre- 
versible investment since a change in x will 
only make one of the first-period irreversibil- 
ity constraints binding. The actual impact is 
more pervasive due to the interdependence 
of the two types of investment when regula- 
tions are being relaxed. 


HI. Uncertain Regulatory Policies 


While industries occasionally face a known 
schedule of regulatory changes, particularly 
when very stringent regulations are being 
phased in gradually, future shifts in the regu- 
latory policy are usually not specified in 
advance. This uncertainty is particularly great 
for regulations of hazards for which the 
available medical evidence is imprecise. The 
uncertainty regarding policy shifts, for any 
particular set of information, compounds 
these scientific uncertainties. If one assumes 
that firms are risk neutral, one might expect 
that the role of uncertainty could be treated 
using the results of Section II. After calculat- 
ing the expected penalty x in period 2 and 
noting whether or not it involved a decrease 
or an increase in regulatory stringency, one 
might then apply the pertinent model for 
known regulatory changes. As the subse- 
quent results will indicate, such a relation- 
ship does not hold, as regulatory uncertain- 
ties introduce new complications into the 
firm's decisions and the policy design pro- 
cess. 


A. Implications for Firms’ Decisions 


Suppose the firm is facing a binary policy 
lottery in period 2, where the penalty may 
rise to x* or fall to x, where x*» x» x,. 
The situation in which one of the second- 
period penalties equals x poses no additional 
complications for the analysis below, but for 
concreteness I will assume that the strict 
inequalities hold. If both x* and x, equalled 
x, the analysis would be the same as in 
Section II. The firm assesses the probability 
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that x* will be the penalty as p and the 
probability that x, will be the penalty as 
(1— p), and based on these expectations it is 
assumed to maximize discounted expected 
profits 7.'° 

The decision in period 2 parallels the re- 
sults for the situation of certain policy 
changes. If x rises to x*, there will be no 
change in the output level since the firm 
cannot reduce output below its first-period 
level. The firm will, however, raise its quality 
investment z,, which is given by Z(x*) and 
is defined by equation (5) as before. Simi- 
larly, reductions in x to x, lead the firm to 
make no change in its quality investment but 
provide an incentive to raise output to 
Q(x4,z,), which is implicitly defined by 
equation (9). From the standpoint of the 
second-period decisions, the uncertainty only 
affects q, indirectly through its effect on z,. 

The first-period problem for the 
profit-maximizing firm is a variant on the 
earlier problems for the certainty case since 
the firm will 


Max = vq, — C(q)-4G(z)- xq (1- zı) 


qozi 
+Bp[vg, - C(a) - G(CZ) - x*a(1- Z)] 
+ Bü - p)[vo- c(9)- 06(z) 
-x4Q(1— z)]. 
producing the first-order conditions 
(13) m, =0=0-Ci-G -x(1-z) 
+ Bp[v -Ci - 6G, - x*(1- Z)]; 
(14) m, 70—— qGi + xq 
+ Bü - p)[Q(— Gi + x.)]. 
These conditions can be rewritten as 
(15) Ci=v 


GU x(1- 2) BpG, + Bpx*(1- Z) . 
1+ Bp j 
10 The introduction of risk aversion would reinforce 


the nature of the findings below by creating additional 
incentives for underinvestment. 
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xq +B- p)x.Q 


19" G= 3s 
09 di a*Bü-po U7* 
Unlike the results for the certainty situa- 
tion, neither of the first-period decisions takes 
the same form as with reversible investment 
decisions. Uncertainty affects both first- 
period decisions and does not hinge on the 
expected penalty x. Rather, the choice of 
output q,, which will be increased if x de- 
creases and will remain the same if x rises to 
x*, is not directly affected by x,, but it is 
dependent on x*. The reason for this asym- 
metry is that the irreversibility constraint will 
only be binding if x* is the penalty so that 
only in this situation will q, be the output 
level. As indicated by equation (15), the firm 
equates the marginal production cost with 
the price less the conditional expected costs 
associated with low quality, where this ex- 
pectation is restricted to the states in which 
q, is the output level. Equation (7) for the 
case of a certain increase in regulatory 
stringency is simply a special case of equa- 
tion (15), where the value of p equals one. 
The quality choice z, also is affected by a 
conditional expectation, but here the firm 
sets the marginal cost of quality investments 
equal to the expected penalties weighted by 
the output levels, the probabilities, and the 
discount factor. Equation (16) represents a 
generalization of equation (12) for.the case 
of decreasing regulatory stringency. It is not 
the expected penalty X that influences deci- 
sions since the only second-period penalty 
value that enters is x,. The value of x* is 
irrelevant since a tighter penalty will lead the 
firm to augment its initial quality invest- 
ment, so that the first-period quality commit- 
ment will no longer be a binding constraint. 
With irreversibilities, the focus should not be 
on the expected penalties, but on the level of 
the regulatory policy in states in which the 
irreversibility constraint is binding. 
Equations (15) and (16) have unambigu- 
ous implications regarding the effect of fu- 
ture regulatory policy lotteries. Consider first 
the level of z, when compared to the revers- 


lAs in the certainty case, I assume that the second- 
order conditions are also fulfilled. 
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ible case. With myopic quality investments, 
the firm equates G’ with x, but in the pres- 
ence of regulatory uncertainty, the marginal 
cost of quality investments is equated to the 
expression on the right side of equation (16), 
which is clearly less than x. If there is any 
nonzero probability that the penalty will be 
relaxed, firms facing regulatory uncertainty 
will underinvest in quality when compared 
with the myopic case. 

Uncertain regulatory policies will also lead 
to lower values of initial output if the right- 
hand side of equation (15) is below that in 
equation (2), a requirement that reduces to 


(17) [G; x(1- 2)] - 82 [G, * x'1 - Z)] 
-[G-^x(1-2)]4 Bgp[G 4 x(1- z)]. 


In the myopic case, the optimal z minimizes 
GT x(l—z), so that any effect of uncer- 
tainty on the z, selected will raise these qual- 
ity-related costs in period 1. Except when 
1 — p equals zero (see equation (16)), there is 
always a distortion of the choice of z,. The 
first bracketed term on the left-hand side of 
equation (17) will exceed its counterpart on 
the right-hand side, except when p equals 1, 
in which case the two terms are equal. From 
equation (8) above we know that the second 
bracketed term on the left-hand side of equa- 
tion (17) exceeds the final term on the right- 
hand side except when there is no chance of 
a price increase (i.e, when p = 0). Uncertain 
regulatory policies will depress output pro- 
vided either there is a nonzero chance of a 
penalty increase or a nonzero chance of a 
penalty decrease. Any nontrivial regulatory 
policy lottery will depress output. 

Greater weight on the second-period out- 
comes in which the policy lottery occurs also 
bave an adverse effect. Increasing the value 
of B has an unambiguous effect on q, and z}. 
Total differentiation of equations (13) and 
(14) produces the result that 0g, /08 « 0 and 
0z,/0f « 0, or greater weights on the period 
with uncertain regulatory policies will de- 
press both types of investment in period 1. 

Assessing the effects of changes in the 
lottery structure are more complicated since 
there are conflicting influences due to the 
complex interrelationships between q, and 
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z,. The direct effects of p on these variables 
are clear cut and, for the remainder of the 
paper, I will assume that these direct impacts 
are dominant.'? Equivalently, I will focus on 
the effects of g, for fixed values of z,, which 
upon differentiation of equation (13) yield 


(18) 
ôa _ p|e -Ci- 6 - x*0- Z)] _ 
op cy : 


This expression is negative since, as was 
shown in Section IILA, the unit cost of low 
quality G(Z)+x*(1—Z) is an increasing 
function of x*. Since the sum of the first- 
and second-period terms in equation (13) is 
zero, and since these quality-related terms 
represent the only difference between the 
two expressions, increasing q, must have a 
negative effect on the marginal profits result- 
ing in the second period. If this were not the 
case, the irreversibility constraint would not 
be binding since additional profits would be 
yielded by increasing output in period 2 when 
the penalty rose to x*. 

The probability p of a penalty increase 
also has an unambiguous direct effect on z}, 
for fixed values of q,, since 


dz, - BQ(— Gi * x) 
(19) óp m, — 20 


zh 


(since Gi exceeds x,y, see equation (16)). 
Increasing the chance of an increase in the 
regulatory penalty dampens the initial out- 
put level and raises the initial quality invest- 
ment. These results always hold if there is 
only one choice variable, or in situations in 
which there are competing effects, if the di- 
rect effects are dominant. 


For example, in the case of 9g,/dp the value 
obtained when effects through both choice variables are 
considered is negative except for the presence of a term 
BQ(— G’+ xY(G' — x) generated by the indirect effect 
of p on q, through z, that is positive since, from 
equation (16), we have x > Gi» x,. The underinvest- 
ment in quality increases the expected regulatory penal- 
ties on capacity investments, leading to a possible rever- 
sal in the 9q,/@p result if this effect is large. 
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B. The Effect on Profits and the Value 
of Information 


Since regulatory uncertainty alters enter- 

prise decisions in a manner that is quite 
different from what would result if penalties 
in each period were equated to their expected 
levels, profits will also be affected. If the 
regulatory penalty x fully reflects the value 
of the quality component to society, the value 
of profits will equal the net surplus to society 
and can serve as an economic efficiency mea- 
sure. To analyze the implications for firms’ 
profitability, let us introduce the notation 4 
to denote the present value of v obtained 
over both periods when the firm selects its 
choice variables optimally. The analogous 
values in period 2 will be 4,(x*) for 
second-period profits if x* is the penalty and 
Î (X+) after the penalty lottery has resulted 
in x. : 
The value of # depends on p directly and 
through its influence on the choice variables 
qi(p) and' z(p) which in turn affects 
Q(X», z;). When differentiating 7 with re- 
spect to p, all terms involving dq,/dp and 
02, / 9p will drop out (by the envelope theo- 
rem) since the investment levels will be cho- 
sen optimally in response to changes in any 
parameter such as p. The effect of p on 
profits is consequently given by 


O#/ Op = B[&,(x*) — 4,(x«4)] <0, 


since profits are lower in the state with a 
higher regulatory penalty (i.e, #,(x*) is be- 
low #,(x,)). Increasing the chance that the 
regulatory penalty will rise reduces the dis- 
counted expected profits, as one might ex- 
pect. The second derivative of the profit 
function indicates the curvature of this rela- 
tionship, where 


dt / Ap? = B(3q,/8p)|v — Ct — G; 
a, 
—x%(1-Z)]+B 5 O(Gi— x4) > 0, 


which implies that #( p) is convex." 


The direction of this inequality can be easily veri- 
fied. As noted above, the value of the derivative of 
second-period profits with respect to q; is negative since 
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Discounted 
Expected 
Profits 





Probability p of a Penalty Increase 


FIGURE 1. THE EFFECT OF REGULATORY 
UNCERTAINTY ON PROFITS 


The function £ is sketched in Figure 1. 
The two endpoints of the curve are the prof- 
its #, with a certain drop in the penalty to 
x4 and the profits #* with a certain increase 
in the penalty. The weighted average of these 
points is the dashed line that lies above the 2 
curve. From Jensen's Inequality, we have the 
result that pá*--(1— p)f, exceeds (X), 
where these values are indicated on the dia- 
gram for one possible value of p, denoted by 
B. The firm facing an uncertain regulatory 
policy lottery (p,x*;1— p,x,) will make 
lower profits than if it faced the penalty 
px* t (1— p)x, with certainty. 

A related issue is how the size of this loss 
is affected by the value of p. In particular, 
what is the expected value of perfect infor- 
mation EVPI regarding the future regulatory 
policy or, viewed somewhat differently, what 
is the minimal value of the expected oppor- 
tunity loss that will be incurred? The EVPI 
value is simply the gap between the two 
curves in Figure 1, or 


EVPI = pa*+(1— p)d ,— 4. 


the irreversibility constraint is binding so the bracketed 
term is negative. From equation (16), G^ exceeds x,, 
and the signs of @q,/dp and 0z,/9p are negative and 
positive, respectively, assuming the direct effects of p are 
dominant. 
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The gap will reach its widest amount at 
some interior value of p. The effect of p on 
EVPI is given by 


QEVPI/9p = (4*— $,)— 04/0p. 


For small values of p, this expression is 
positive since the slope of the profit function 
# is steeper than the weighted average curve. 
The losses due to uncertainty are greatest 
when 07/dp equals (v7* — 7,), which is the 
slope of the weighted average curve, and 
EVPI decreases thereafter. The point s in 
Figure 1 represents the p value at which 
maximum efficiency losses occur; s need only 
be some interior point and is not necessarily 
1/2. 

One would expect that a firm's profits 
would be decreasing with respect to p wholly 
apart from any losses from uncertainty since 
higher regulatory penalties increase its costs. 
The more interesting result is that uncertain 
regulatory policies impose additional oppor- 
tunity losses as firms are discouraged from 
making irreversible investment commit- 
ments. These losses are greatest when the 
lottery on regulatory penalties involves an 
intermediate p value rather than an extreme 
probability close to zero or one. 


IV. Conclusion 


Three separate effects of regulatory poli- 
cies on enterprise decisions can be dis- 
tinguished. First, increased regulatory penal- 
ties will diminish output and profits in static 
models or, equivalently, in multiperiod mod- 
els in which investments are completely re- 
versible, as is well known. Second, if invest- 
ment commitments are irreversible, there will 
be an additional effect of a known schedule 
of changes in the regulatory policy, which 
will depress output even further. Finally, the 
addition of uncertainty with regard to regu- 
latory policy produces a third effect resulting 
in expected opportunity losses for firms. Both 
output and quality investments will be de- 
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pressed by regulatory policy lotteries. Regu- 
lations influence current enterprise decisions 
not only through their current level, but 
through their expected future level and the 
degree of uncertainty regarding these future 
regulatory policies. 
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Scale and Productivity Measurement under Risk 


By ROBERT G. CHAMBERS* 


The literature on risk and'uncertainty gives 
an important place to studies comparing be- 
havioral and comparative static results ob- 
tained under certainty and uncertainty. The 
standard neoclassical theory of the firm, 
however, has much more to offer than behav- 
ioral results. For example, the optimizing 
behavior of the profit-seeking firm insures 
that the degree of the firm's returns to scale 
can be measured by the ratio of cost to 
revenue. Furthermore, it is also possible to 
isolate measures of the rate of technical 
change for a profit-maximizing firm which 
depend solely upon observed prices and 
quantities. 

This note demonstrates some of the impli- 
cations of uncertainty for measuring scale 
economies and the rate of technical change. 
Specifically, using a model developed by 
Agnar Sandmo (1971), it is demonstrated 
that under conditions of risk and uncer- 
tainty, there are generally no measures of the 
scale elasticity or the rate of technical change 
which can be derived from observations on 
prices and quantity without information on 
either the structure of production or the util- 
ity function which underlies Sandmo's analy- 
sis. 


I. Measuring Scale 


The firm is assumed to maximize the ex- 
pected utility of profit. The utility of profit is 
denoted by u(r), where u(-) is a concave, 
continuous, and differentiable function of 
profit, 7. Profits are given by 7 = pF(x, t)— 
w:x + A, where F(x, t) is the firm's produc- 
tion function, x is a vector of variable inputs, 
w is a vector of nonnegative input prices, f is 


* Associate Professor, Department of Agricultural and 
Resource Economics, University of Maryland, College 
Park, MD 20742. This paper is Scientific Article No. 
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an index of time, and A can be viewed as 
existing wealth, fixed costs, or income from 
other sources. 

It is assumed that p = p +e, where e is a 
tandom variate defined over the interval 
[a, b], Ep = p, and e has density f(e). Under 
these assumptions, expected utility maximi- 
zation requires 


E|w'(v)( paF/ax, —w;)] 20,i—1,2,...,n 


which after a slight manipulation can be 
rewritten as 


(1) 9F/0x, — w,/(p-- 0), 


i=1,2,...,n, 
where 0-— [Eu'(m)e]/Eu(7), which is neg- . 
ative for a risk-averse firm since it can also 
be written as 0 = Cov(u’, e)/Eu'(7) if e has 
zero mean. 

Recognizing that the elasticity of scale, 
that is, e= ĝln F(Ax, t)/0]nA|,.., can be 
written as the sum of the logarithmic deriva- 
tives of F (see C. E. Ferguson, 1971) and 
using (1) obtains 


(2) e= Yoox / (p 0)y. 


Thus, to obtain a measure of the elasticity of 
scale from data that is consistent with ex- 
pected utility maximization, one should know 
8, which in turn implies a high degree of 
knowledge about u. Unlike the case of profit 
maximization, one apparently cannot simply 
use observations on (p, w, x, and y) to 
obtain a measure of e. 
It is easy to rewrite (2) as 


(3) (P+0)y =e Ewa. 


From expression (3) we can make some in- 
ferences about the relationship between re- 
turns to scale, 0, and expected variable profit 
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( py ^ Xjw,x,). Namely, by (3) we can write 
expected variable profit as 


(à E-a) C9 Y ux, Oy, 


where E is the expectation operator. Using 
the fact that e is the ratio of average variable 
cost to marginal cost then implies that ex- 
pected variable profit is positive so long as 


(1— £e) * 6/MC, where MC is marginal cost.. 


Thus, so long as F(x,1) exhibits either con- 
stant or decreasing returns, expected variable 
profit for the risk-averse firm is always non- 
negative. Since 0 < 0 for the risk-averse firm, 
however, the existence of scale economies 
(increasing returns, e>1) does not neces- 
. sarily imply negative variable expected profit. 
Thus, it appears there are regions over which 


increasing returns and positive expected vari- ` 


able profit are consistent with one another. 
I: Measuring the Rate of Technical Change 


The rate of technical change T is defined 
as T = [ĝln F(X, t)]/ ôt, or as the percentage 
shift in the production function attributable 
solely to tlie passage of time. Charles Hulten 
demonstrated that, for the profit-maxi- 
mizing firm, an appropriate measure of T is 
given by 


(5) j — Xwxy,/|py. 
. f : 


where dots over variables denote time deriva- 
tives. The important thing to note about (5) 
is that once discrete approximations to the 
time derivatives ( and X,) are made, one 
can derive measures of thé rate of technical 
change solely from observable data on prices 
and quantities. 

Under the assumption of expected utility 
maximization the appropriate measure of the 
rate of technical change is given by 


t id moss Wie 
6) -Lk He), S 
Sed ang!) tres 


where c—Xjw;x, and the second equality 
follows from (2). 
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From (6) it follows that one cannot obtain 
a measure of ‘the rate of technical change 
based solely on observable data for the ex- 
pected utility-maximizing firm without mak- 
ing an explicit assumption on either the un- 
derlying utility function or the degree of 
returns to scale. Also note that the second 
expression in (6) is equivalent to that ob- 
tained in measuring the rate of technical 
change for a cost-minimizing firm. Only in 
the case of constant returns to scale can a 
measure of T' be based solely on observable 
data. 


Il. The Error of Using Observable Data - 


It is obvious from expressions (2) and (6) 
that the standard measures of the scale elas- 
ticity (cost to returns) and the rate of techni- 
cal change (5) are correct for data generated 
by the expected utility-maximizing firm with 
almost probability zero. This follows by the 
fact, for example, that (5) only equals (6) 
when p = p + 0, which in turn requires 


(7) e-— 6. 


Unfortunately, I have not been able to 
establish whether the traditional measures of 
the scale elasticity or the rate of technical 
change over or underestimate (2) and (6). 
The bias associated with using the cost- 
revenue ratio instead of (2) to measure e is 


E Y wx; 
; 0 
e y Loren Jio à, 


and the bias associated with using (5) instead 
of (6) is 


wx, of 8 
m S bom 





se) ae, 


which in general do not seem to be either 
positive or negative. Little further can be 
said about (8) and (9). However, if factor 
usage is increasing rapidly over time (x, >1 
for all j), then the absolute value of bias of 
inappropriate scale measure is less than the 
absolute value of the bias of the inap- 
propriate productivity measure. 
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IV. Indirect Measures of Scale and the 
Rate of Technical Change 


From the dual approach to microeconom- 
ics, it is well known that one can obtain 
measures of e and T by simple differentiation 
of an appropriate indirect objective function. 
Matters are apparently not quite that simple 
under uncertainty. Define the indirect ex- 
pected utility function (V(-)) by 


V( p,w,o, A, t) = Max Eu(v), 
x 


where o represents the parameters of the 
distribution of e. By the envelope theorem, 


(10) EET = F(x*,1), 
PIER C/C) NUS 
(10) .x » (37/84) i-1,2,...,n 


Asterisks denote the optimal elements of the 
solution to the expected utility-maximization 
program. Using (2) in conjunction with (10) 
and (11) yields 

" w; 3V/ Ow, 
0) «-Egls(s7 


Thus, even if one is able to specify an ap- 
propriate V, one cannot obtain a measure of 
the scale elasticity without a priori knowl- 
edge on 8. 

Using the second equality in (10) yields 








: W,x* dln x* 
3) r-2 (ee ME Sii 
(13) P-L sayy Ot 
_ 9(9V/àp 
Ot | 0V/8A 





i w,  0V/Ow,| a | 9V/3w, 
7 (p.60) Wap a 72 J 


on (8) 
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where the last equality is seen most easily by 
an application of -the envelope theorem. 
Again, it follows that the rate of technical 
change apparently cannot be deduced solely 
from knowledge of V. The results in expres- 
sions (10) through (13) are important since 
they: question the ability of more modern 
indirect approach to obtain measures of im- 
portant parameters of the underlying tech- 
nology or preference structure.under risk. 


V. Conclusion 


The results in this paper demonstrate that 
apparently it' is not possible to simulta- 
neously measure scale and rate of technical 
change from observed data (ie. without 
estimation) unless one is willing to make a 
specific assumption about the form of either 
u or F. In the case of certainty, one is always 
able to obtain measures of e and T that are 
based solely on observed data so long as 
there exists either constant or decreasing re- 
turns to scale. Under uncertainty, solely 


data-based observations on 7 are only avail- 


able when the underlying technology exhibits 
constant returns. Although these results con- 
centrate on continuous measures of technical 
change, similat arguments would produce 
entirely analogous results for the discrete 
productivity indexes suggested, for example, 
in the recent studies by W. Erwin Diewert 
(1976, 1978) and D. W. Caves, L. R. Chris- 
tensen, and Diewert (1981) under expected 
utility maximization. Finally, one should note 
the extremely simple form of uncertainty 
considered in this paper. More complicated 
stochastic structures (for example, nonmulti- 
plicative random production) are bound to 
raise further problems. i 
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Welfare Measurement in the Household 
Production Framework 


By NANCY E. BOCKSTAEL AND KENNETH E. MCCONNELL* 


The household production approach to 
consumer behavior, developed from the work 
of Gary Becker, William Gorman, and 
Kelvin Lancaster, has considerable descrip- 
tive appeal in modelling the decisions of 
households. The approach derives from the 
observation that households frequently pur- 
chase market goods that do not yield utility 
directly, but are combined to produce com- 
modity service flows which the household 
values. Thus observed behavior is de- 
termined by household production technol- 
ogy as well as by tastes. The advantage of 
this distinction is that we can pose reason- 
able hypotheses about characteristics of tech- 
nology, though we rarelv possess useful a 
priori information regarding tastes. 

The putative advantages of the household 
production approach are questioned on em- 
pirical and conceptual grounds by Robert 
Pollak and Michael Wachter (1975). They 
show that jointness in production or non- 
constant returns to scale cause implicit com- 
modity prices to depend on both tastes and 
technology, raising serious econometric dif- 
ficulties in the estimation of commodity 
demand functions. In addition, since com- 
modity prices become functions of the com- 
modity bundle consumed, the analogy to 
traditional demand theory breaks down. 

Joint production occurs when a good en- 
ters several production processes simulta- 
neously, or, equivalently, when a good in one 
production process also enters directly into 
the individual's utility function. The most 
common example is time, which provides the 
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context for all production processes and is 
often associated with the production of 
several commodities simultaneously. Since : 
joint production in the household is likely to 
be pervasive, the critique by Pollak and 
Wachter cannot be ignored. In response to 
the comment by William Barnett, Pollak and 
Wachter (1977) suggest dispensing with the 
notion of commodity prices and treating the 
demand for commodities as a function of 
goods prices. This approach confounds tastes 
and technology, but it eliminates the trouble- 
some concept of commodity prices as param- 
eters when, in fact, they are likely to be 
endogenous. 

In this paper we show that results from 
positive analysis, such as the critique by 
Pollak and Wachter, have implications for 
the use of the household production frame- 
work for welfare analysis. The household 
production function approach has had con- 
siderable appeal for measuring welfare ef- 
fects of public actions in the environmental 
and natural resource areas (Gardner Brown, 
John Charbonneau, and Michael Hay; 
Elizabeth Wilman). Yet traditional ap- 
proaches to welfare measurement are fre- 
quently inapplicable. We argue that welfare 
measurement in this framework is com- 
plicated by the difficulties of unravelling 
tastes and technology. 

We extend Pollak and Wachter’s results 
by demonstrating that Marshallian demand 
functions for commodities cannot be 
uniquely defined. Thus Marshallian func- 
tions cannot be used to derive exact com- 
pensated functions in the manner of Jerry 
Hausman, and of George McKenzie and 
I.F. Pearce, nor can compensating and 
equivalent variation measures be bounded by 
Marshallian consumer’s surplus estimates 
following Robert Willig. In fact, duality re- 
sults that normally allow us to move between 
Marshallian and Hicksian functions are not 
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applicable for commodities in the household 
production framework. 

Because Marshallian demand functions for 
household produced commodities are not 
unique, we are forced to develop welfare 
measures from observations on purchases of 
goods; that is, inputs into the household's 
production process. We show that under ap- 
propriate conditions, changes in the area un- 
der the demand curve for goods can serve as 
welfare measures for changes in the quanti- 
ties of public goods. This finding is related to 


Hajime Hori’s result that when all technol- 


ogy is known, the demand for public goods 
can be inferred from the purchases of private 
goods. However we develop a basis for mea- 
suring the value of public goods which, un- 
like Hori's measure, does not require that we 
know a priori the household technology. All 
the information that is required will be em- 
bodied in the. derived demand for goods. 
Thus we show that the goods market is the 
only market which provides an indirect 
means of valuing changes in public goods. 
The following three sections provide the 
three principal results of the paper. In Sec- 
tion I, we show that traditionally conceived 
Marshallian demands are not uniquely de- 
fined in this approach. In Section II, we 
show, in contrast, that utility-constant mar- 
ginal value functions that are dependent only 
on preferences and not technology do exist 
and have the usual normative interpretation. 
Regardless of joint production or noncon- 
stant returns to scale, the area behind the 
marginal value and marginal cost curves 
measures economic surplus. Changes in this 
area measure welfare effects associated with 
changes in the individual's economic en- 
vironment. In Section IIL we show that 
equivalent measures of welfare change can 
often be obtained in the market for goods 
which serve as inputs into the household 
production process. This result is analogous 
to the work by Richard Just, Darrell Hueth, 
and Andrew Schmitz, and by Just and Hueth, 
who show that in competitive markets, 
welfare changes can be measured in the 
markets for inputs or outputs. Additionally, 
we are able to obtain these measures of 
welfare without assuming that technology is 
known. Thus we provide a new conceptual 
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basis for welfare measurement of nonmarket 
goods. 


I. Positive Economics and the Household 
Production Function 


An economic model is a useful positive 
tool if it implies theorems about behavior 
which can be tested. We argue that very little 
structure and a paucity of testable hypothe- 
ses emerge from the household production 
function. This argument is consonant with 
the results of Pollak and Wachter, who argue 
that commodity demand as a function of 
commodity price is not a meaningful con- 
cept. We expand their arguments by demon- 
strating that a unique Marshallian demand 
curve, as traditionally conceived, cannot be 
derived for commodities produced in the 
household production framework. In addi- 
tion, we argue that commodity demands as a 
function of goods prices provide few qualita- 
tively predictable results. 

To characterize the household production 
approach, suppose that the consumer enjoys 
an m-dimensional bundle of commodities 
z which enters the quasi-concave prefer- 
ence function u(z). Goods, denoted x= 
(x,,..., x,), are purchased at market prices, 
denoted r = (r,,..., r,), and are combined to 
produce the commodities according to the 
production process /(z, x) — 0. One of the 
x's will typically be time and can take some 
function of the wage rate as its price. Joint 
production occurs when the technology im- 
plied by t(z, x) cannot be expressed in terms 
of separate production functions. We do not 
rule out joint production nor the possibility 
of nonconstant returns to scale. 

Positive analysis derives from the solution 
to the representative household's income- 
constrained problem 


(1) max u(z), 


subjetto — C(z,r)- y - 0, 

where the joint cost function C(z,r)— 
min,(r-x|t(z, x) - O) and y is money in- 
come. In general, the budget constraint will 
be nonlinear in the z's, and the marginal 
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costs of commodities will be functions of the 
commodity bundle chosen. 

Because the Marshallian demand curve bia 
held such a: central position in comparative 
statics and normative analysis, there have 
been strenuous efforts to derive this concept 
from the first-order conditions of problem 
(1). In its traditional formulation, the 
Marshallian demand function relates. the 
quantity of a commodity purchased to the 
price of the commodity, with money income, 
prices of other commodities, and all other 
relevant variables assumed constant. The de- 
mand curve is traced out by recording the 
amount of the commodity . the consumer 
would be willing to purchase.at each price. 

In the household production formulation, 
the marginal cost of producing the commod- 
ity is analogous to. price in the traditional 
case. The marginal cost of producing a com- 
modity is not in general constant, however, 
and as such does not encode all the necessary 
information required to ensure that all first- 
order conditions, including the budget con- 
straint, will be satisfied. Holding income and 
other marginal cost functions constant, we 
attempt to. trace out a Marshallian demand 
curve for a commodity by altering the cost of 
the final unit consumed of that commodity. 
This approach, however, cannot uniquely de- 
fine the quantity consumed unless it incorpo- 
rates knowledge of the entire cost function 
(and thus technology) or specific assump- 
tions about how the cost function changes 
with changes in marginal costs. 

By way of demonstration, consider the 
following expression for the cost function. 
Suppose that when no commodities are pro- 
duced, costs are zero, C(0, r) = 0. Then there 
exists a 0 in the unit interval such that 


Q) C(z,r) -2XGG. r)z, 
= 25 iG; Gü- 


From this relationship, the first-order condi- 
tions of problem (1) become 
(3) uji(z)- AG(z, r) =0 Vi, l 

A 2 Q(z SP )zi 


0 - 0). Dar =0, 


0),r)z;z,/2 


+ELG 
i j 
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where À is the multiplier associated with the 
budget constraint. Unless the production 
function is- nonjoint and homogeneous of 
degree one, the G;; in (3) will be nonzero. 

Now suppose we attempt to trace out a 
Marshallian demand curve by asking the 
question: how much will be purchased at 
different levels of marginal cost.(C;)? If the 
hypothetical changes in marginal cost are 
generated by changes in input (goods) prices 
or. other parameters of the cost function, 
they will, except in special instances, alter C;; 
terms as well as other marginal cost func- 
tions through changes in the z vector. 
Changes in these additional terms in the 
budget constraint will make it impossible to 
define uniquely, at each marginal cost, a 
level of demand for which the income con- 
straint holds. 

-A related and equally debilitating aspect 
of the household: production function is that 
few qualitative comparative statics results are 
generated. In general, the decision function 
for a choice variable is obtained by differen- 
tiating the decision maker's indirect objective 
function with respect to.an economic param- 
eter. In such cases, appealing to second-order 
conditions (specifically, the curvature prop- 
erties of the utility-constant expenditure 
function) allows us to sign the change in the 
choice variable with a change in the parame- 
ter. . 
In the household production approach, 
however, the expenditure function, defined 
as 


m(r,u°) = min {C(2,r)}u(2)= 0°}, 


fails to yield comparative static results. The 
joint cost function C(z, r) will not in general 
be linearly homogeneous in z. Thus, there 
will be no parameter B such that dm / 0 = z; 
and ordinary envelope theorem derivations 
will not follow. As a consequence there are 
no a priori expectations on the sign of any 
0z;/0r,. Pollak and Wachter's suggestion 
that the demand for commodities be analyzed 
in terms of goods prices rather than com- 
modity prices will yield constructs which are 
useful for prediction but which provide no 
hypotheses regarding the signs of any coeffi- 
cients in commodity demand functions. 

The nonlinearity of the cost function also 
prevents the Cournot and Engel aggregations 
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from providing useful restrictions on de- 
mand systems. Analogous to these “adding- 
up” theorems, we can derive the following 
from the constraint C(z, r)— y = 0 and from 
the fact that C(z,r)=r-x: 


m 


È z6/y71 
i=l 
and > Èz Ce / y 7 7l, 
where eg = Glog z,/ólog r, and m, - 


dlog z;/ log y. Unlike the standard neoclas- 
sical case with fixed prices, the ratios z;,C;/y 
depend on technology, do not in general sum 
to one, and do not possess the useful inter- 
pretation of budget shares. Only the homo- 
geneity restrictions 1,..,£,,— — n; are re- 
tained. 

Thus two conclusions arise in the positive 
economics setting. First, a unique Marshal- 
lian demand curve for commodities does not 
exist. Second, theory fails to provide useful 
prior restrictions on any function which re- 
lates consumption of the z's to parameters in 
the system. 


II. Welfare Analysis in the Commodity Market 


Pollak recognized that economists may 
wish to * use a household production frame- 
work to analyze the harm done by air pollu- 
tion or the benefits of an outdoor recreation 
or child health project..." (1978, p. 286). 
This approach, depending as it does on the 
distinction between purchased goods and 
consumed commodities, has particular ap- 
peal for measuring nonmarket benefits de- 
rived from public goods (see, for example, 
Hori and Wilman). However the conceptual 
limitations discussed above preclude the 
straightforward application of well-known 
welfare measurement techniques in the 
household production framework. 

Work by Willig, Hausman, and others em- 
ploys duality results to demonstrate that, 
because of the link through the expenditure 
and utility functions, the unobserved com- 
pensated demand function can always be 
derived from knowledge of the observable 
Marshallian function. In the household pro- 
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duction function approach, the fact that 
Marshallian demands are not unique pre- 
vents us from using duality to derive the 
compensated demand function. It also sug- 
gests that the compensated function may be 
undefined. 

In this section we demonstrate three re- 
sults. First, we argue that unlike Marshallian 
demand curves, compensated demand curves 
which reflect households’ marginal valua- 
tions of the commodity do exist, independent 
of the cost function for producing commodi- 
ties. Second, we derive a measure of surplus 
associated with a commodity as the area 
between the marginal cost and marginal value 
curves in commodity space. Finally, we dem- 
onstrate that the well-established conditions 
for measuring the compensating variation of 
a change in an exogenous (for example, pub- 
licly supplied) factor are applicable in this 
framework. 

When the household is viewed as minimiz- 
ing the cost of obtaining a given utility level, 
independent marginal value and marginal 
cost functions are identifiable. Consider the 
utility-constrained, cost-minimization prob- 
lem 


min (C(z, rn = u(z)) 


which produces the first-order conditions 
C;(z, r) - uuj(z) =0Vi, 
u? — u(z) - 0, 


where p is the multiplier associated with the 
constraint on utility. These first-order condi- 
tions could be solved for reduced-form de- 
mand functions for the z's as functions of 
goods prices, and technological and prefer- 
ence parameters. They also, however, allow 
for the determination of independent mar- 
ginal cost and value functions. To see this, 
we need only recognize that the above prob- 
lem is equivalent to one where an imaginary 
market with fixed parameter prices inter- 
venes between the production and consump- 
tion activities of the household. Since the 
budget constraint is not required to hold 
along the compensated demand curve, the 
system of compensated curves is not depen- 
dent on the total cost function. Consequently 


810 THE AMERICAN ECONOMIC REVIEW 


the circumstances which cause the Marshal- 
lian curve to be ambiguous in this frame- 
work do not directly affect the compensated 
demand curve. 

We are prevented from deriving the 
Marshallian curve from the compensated 
curve by the absence of exogencus prices. 
Both the utility and expenditure functions 
exist, but the absence of prices prevents the 
use of Roy’s Identity to derive the Marshal- 
lian curve from the indirect utility function. 
Also, it is impossible to move from a com- 
pensated demand function to a unique ex- 
penditure function because of the nonlinear- 
ity of the cost function. Several different cost 
functions (generated by different technolo- 
gies), and thus different expenditure func- 
tions, can be associated with the same values 
of marginal costs. 

Nonetheless, theoretical welfare measures 
can be derived in commodity space but in a 
way which differs from the traditional ap- 
proach. For simplicity we focus on a measure 
for z}, though any z; could be chosen. Parti- 
tion the commodities such that z= (zj, Z) 
where Z = (z;,..., z,). Derive an expenditure 
function conditional on the level of z, (as 
though z, were temporarily fixed) such that 


(4) E(z,,r,u°) 


= min(C(z,, Z, r)u? — u(z;, z)). 
By tbe envelope theorem, 
(5 8E(z,r,u?)/8z, 
EN (uu,(z,, 7£*,u*)-- C (2; 25, 7)), 


where Z* = Z*(z,, r, u?) are adjusted optimal- 
ly as z,, r, and u? change. The first term on 
the right is the compensated marginal value 
function for z,.! The second term is the 


‘It might be argued that one can integrate this in- 
verse compensated demand function back to the dis- 
tance function and then use the distance function to 
derive the Marshallian marginal value function (see, for 
example, Angus Deaton and John Muellbauer, ch. 2). 
Consider the distance function d(z, u°). Then 


8d(z,u?)/0z, = MV,(z, u°), 


where MY, is the normalized marginal value function for 
Z; Le., the proportion of income one is willing to pay for 
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marginal cost of producing z,. Since expres- 
sion (5) reflects the change in expenditures 
necessary to maintain utility level u° as z, 
increases, this expression will be negative for 
Z € z}, the optimal quantity of z,. Note that 
when z, is adjusted optimally, expression (5) 
equals zero and the conditional expenditure 
function in (4) reduces to the traditional 
expenditure function, since 


(6 E(zt(r,u9), ru?) =m(r,u°). 


Using the function E(z,, r, u^), we can 
compute the compensating variation associ- 
ated with consuming zf. This measure re- 
flects the change in income which would 
keep the-consumer at his initial utility level, 
a situation with no access to z,, if he were 
subsequently given the opportunity to con- 
sume zř at input prices, r, and given technol- 
ogy. The measure is calculated by integrating 
(5) from 0 to zf yielding 


c) S LEl r e)z] 
=E(z¥,r,u?)—- E(0,r,u?). 


This expression is the negative of the area 
between the compensated marginal value and 
marginal cost functions for z,, where that 
area can be expressed as 


(8) A= f" [uu ( 21,2, u°) 
- Ci(z;, z*, r)] dz. 


Thus graphical measures of welfare exist in 
concept in the commodity market. 


another unit of z;. By letting u? = u(z), we have 
MV,(2,u°) = MV;(z, u(z)). 

The term MY, changes with z, as 

dMV,(z, u(z))/dz; = MV,,(z,u°)+ MV,u;. 

This equation is an Antonelli decomposition for price- 

dependent demand equations. The right-hand side is 

composed of a utility constant slope and real income 

effect. Note, however, that in the household production 

framework, u;=AC;,(z,r), so that the decomposition 

implies 

dMV,(2, u(z))/dz; = MV;,(z, u?) - MV „AG (z, ). 
Thus, each cost function C(z,r) implies a different 
slope for the Marshallian demand function. 
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The ultimate task of this section is to 
evaluate a change in an exogenous factor in 
the household production framework. In our 
illustration, let the exogenous factor be a 
publicly supplied or regulated good, a, that 
affects the production or consumption of 
a household commodity. In keeping with 
standard welfare analysis, we interpret the 
compensation necessary to keep an individ- 
ual at a given utility level after a change in a 
as a money measure of the associated welfare 
change. 

Suppose that a is an environmental good, 
such as the water quality of a lake. Then it 
will enter the utility function directly and be 
complementary with some commodity which 
we shall denote z,, such as lake recreation. In 
this case, utility will be a function of a and z. 
Alternatively, if œ is a public health project 
or child care facility, it may be more ap- 
propriately viewed as an input into the pro- 
duction of some z,, such as family health or 
child quality. Now a will enter the trans- 
formation function (ie, t(z,x) becomes 
t(z, x,a)). In either case, the household's 
expenditure function will depend on a. 

When u? is the initial welfare level, the 
compensating variation of a change in the 
parameter vector from a to a’ is given by 


(9) CV-m(r,u9,o?) - m(r,u?, a). 


Compensating variation is negative for an 


increase in a and positive for a decrease, 
when a is a desirable public good. Since the 
measure in (9) is not directly observable, we 
seek a means of evaluating the welfare ef- 
fects of the changes in a from information 
on the production and consumption of the 
associated commodity z,. The equivalence 
between compensating variation measures of 
zř and areas in commodity space suggests a 
useful approach. From the results above, we 
know that the difference in the areas be- 
tween the marginal value and marginal cost 
functions evaluated for a^ and a’ will be 
equivalent to 


(10) S O p[os(a. r,u?, a')/àz;] dz, 
0 


_- [PO lee, r,u°,a°)/az,| dz. 
0 
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Expression (10) can be written as 
(11) E(z¥(a’),r,u°, a) - E(0, r,u*, a’) 
— E(zt(a?), r, u9, a9) + E(0, r, u?, a?). 


However, analogous to equation (6), the con- 
ditional expenditure function E(-) evaluated 
at the optimal value of z, is equivalent to the 
usual expenditure function m(-), so that (11) 
becomes 


(12) 


m(r,u?, a?) — m(r,u9, a?) 
— E(0, r,u?, a^) - E(0, r, u?, a9). 
Thus when 


(13) E(0,r,u9,a^) = E(0, r, u?, a?), 


the compensating variation associated with a 
change in « can be measured by changes in 
the area behind compensated demand and 
marginal cost curves for z,. That is, expres- 
sion (12) which equals this area collapses to 
the correct measure of welfare change given 
by expression (9). 

When a enters the household's preference 
function directly, a sufficient condition for 
(13) to hold is that a be weakly complemen- 
tary to z,. Karl-Göran Máler has defined 
weak complementary as follows: “If the de- 
mand for a private good is zero, then the 
demand for some environmental’ service 
[public good] will also be zero" (p. 183). 
Thus weak complementarity is consistent 
with the condition du(0, Z,a)/da = 0, which 
implies that the individual is indifferent to 
varying levels of the exogenous good when 
he does not consume z,. Alternatively, when 
a serves as an input into the production 
process, condition (13) will hold automati- 
cally if a is only an input in the production 
of z,. 

This section demonstrates that the com- 
pensated marginal value and marginal cost 
functions generated by the household pro- 
duction approach have normative signifi- 
cance and can be used to capture the welfare 
effects resulting from a change in exogenous 
factors affecting either tastes or technology. 
However, these results are of minimal value 
if there is no means of observing utility-con- 


812 THE AMERICAN ECONOMIC REVIEW 


stant marginal value functions. The usual 
approximation by means of consumer's sur- 
plus as well as the possibility of deriving 
exact measures of compensating variation 
from the Marshallian demand curve are pre- 
cluded as well since that curve is not uniquely 
defined. 


III. Welfare Analysis in the Goods Market 


While the commodity space of the house- 
hold production framework provides concep- 
tually valid welfare measures, our inability to 
observe Marshallian approximations of these 
measures makes normative analysis difficult. 
In this section we use goods space to derive 
equivalent and conceptually valid, but em- 
pirically feasible, measures of welfare change. 

Recall that the expenditure function can 
be derived as 


m(r, u°,a) = min {r-x|u° =u(z,a)} 


where z for any x vector satisfies t(z, x, a) = 0 
and m(r,u°,a’)—m(r,u°,a°) is a money 
measure of the welfare effects of a change in 
a. Since expenditures are linear in x's, the 
compensated demand for some input x, is 
the derivative of the expenditure function 
with respect to rj: 


dm(r,u°,a)/dr, = x,(r, u?, a). 


Define 7,(7,u°,a), where F= (r,,..., 5), 
as the price that induces Zeto Compensated 
demand for x,; that is, x,(^, F, u?, a) = 0. 
Note that 7, depends on the utility level u’, 
the level of the public good a, and prices 7, 
although these arguments will be supressed 
for simplicity. The area under the com- 
pensated demand curve for x, is therefore 


14) A= [5x (r,u*, a) dr, 
Q4) A= finra) a 


= m(h, 7, u’, a)—m(r9, f, u? a), 


where (rj, F) is the prevailing price vector. 
By definition, compensating variation for 

a change in « is given by expression (9), but 

this expression is not directly observable. 
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Our task is to demonstrate the- conditions 
under which expression (9) can be derived 
from the area in the goods market given by 
(14), an area which if not observable can be 
approximated from its Marshallian counter- 
part. The change in the area behind the 
compensated demand function. for some x, 
caused by a change in a from a? to a’ can be 
expressed as 


(15) AA= fx, u°, a’) dr, 
ri 


— fx. u?, a?) dr,. 
rp 
If 
(16) m(F, F, u°, a") = m(, F, u? a), 


then AA=m(r,u?,a)—m(r,u?, 0°). 


` Thus when (16) holds, the welfare effect of a 


change in a can be measured exactly in the 
goods market. 

Expression (16) requires that the individ- 
ual be indifferent among different levels of 
the public good when x, is not purchased. 
Sufficient conditions for (16) to hold are that 

(i) a is complementary to a subset of z 
denoted z, such that du/da=0 if z; = 0, for 
all i in A; 

(ii) x, is an essential input in the pro- 
duction of all z,, for all i in A. Writing the 
transformation as a generalized production 
function for z; implies z; = £*(z, x), where Z 
is the vector of all other 'z’s. The essentiality 
of x, implies 0 = 7*(Z,0, x2,...,x,,) for all Z. 

The intuition of condition (i) is that when 
the price vector induces no units of x; to be 
purchased, z, cannot be produced, and with 
no z, the individual is indifferent among 
different levels of a. If a enters the prefer- 
ence function, condition (i) implies weak 
complementarity between a and z, If, in- 
stead, a enters the production function only, 
condition (i) holds trivially. 

In addition, x, must be an essential input 
into the production of tlie z,. Expression (16) 
can hold even when x, is nonessential in the 
production of commodities which are unre- 
lated to a. However the measure is incom- 
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plete if a is related to commodities, either 
through production or consumption, for 
which x, is nonessential. Consequently if we 
can conceptually measure the change in some 
commodity space, we can measure it in goods 
space as well, as long as an essential input to 
that commodity can be identified. 

Welfare measurement in the household 
production framework gives further insight 
into the concept of weak complementarity 
which has played a crucial role in measuring 
the demand for public goods from market 
data. V. Kerry Smith argues that since weak 
complementarity describes a link between 
arguments of the preference function; it must 
be assumed and cannot. be: tested. He ob- 
serves that behavior that appears to be con- 
.sistent with weak complementarity between a 
‘public and a private good may instead be the 
result of technical links between these goods. 
However, in ‘the household production 
framework, Smith’s distinction between links 
of technology and tastes is unnecessary. Both 
technology and tastes affect the household’s 
decisions regarding z and thus both affect 
demand for goods as-inputs into the produc- 
tion of z. Conditions (i) and (ii) demon- 
strate that it does not matter whether the 
link between the public good and the pro- 
duced commodity is through the preference 
or production function, as long as the public 
good is of no value when the commodity is 
not produced. 

This approach represents an advancement 
in the art of valuing public goods in the 
household production framework on two 
counts. First, by focusing on goods rather 
than commodities, it avoids the ill-defined 
Marshallian commodity demands. Second, it 
does not require that technology be known 
as Hori’s approach does. All information 
about technology necessary to derive the 
value of a public input is embodied in the 
derived demand functions for goods. 

This section demonstrates that when cer- 
tain conditions are met, the welfare changes 
resulting from the change in an exogenous 
variable can be measured as areas behind 
Hicksian demand curves for goods. This re- 
sult is an important corollary to the general 
results of Just and Hueth, and of Just, Hueth, 
and Schmitz, who demonstrate the duality of 
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surpluses in factor and product markets for 
competitive firms. The equivalence of welfare 
measures in alternative markets depends on 
the input or output in question being “neces- ` 
sary." That is, when prices are such that the 
input is not hired or the output is not pro- 
duced, the firm must be assumed to shut 
down. We show that parallel conditions on 
the essentiality of goods as inputs in the 
household technology allow us to value 
changes in public goods in the household 
production framework. 


IV. Conclusion 


This paper develops an approach for 
welfare measurement in the household pro- 
duction function framework. While the 
household production function offers almost 
no testable hypotheses involving the produc- 
tion and consumption of commodities, wel- 
fare measures in commodity space do exist. 
However because the Marshallian demand 
curve is not well defined, it is not possible to 
estimate this demand curve. As a conse- 
quence, the practice of approximating welfare 
changes as the area under Marshallian de- 
mand curves is precluded. Hence, welfare 
measurement using commodity demand 
functions is not feasible in the household 
production framework. 

The use of purchased goods in the produc- 
tion of commodities provides an opportunity 
for measuring welfare changes. When a good 
is essential in the production of a commod- 
ity, and a publicly controlled resource is 
complementary to the commodity, changes 
in the area under the Hicksian demand curve 
for that good can be interpreted as welfare 
measures of changes in the public resource. 
Thus an alternative and feasible means of 
measuring welfare change is provided for the 
household production function framework. 
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Inventories and Sticky Prices: Note 


By Davip P. SCHUTTE* 


In a recent contribution to this Review, 
Alan Blinder provides an interesting analysis 
of the relationship between optimal inven- 
tory decisions and the process of price ad- 
justment. Arguing that inventory permits 
separation of production and sale decisions, 
and allows the firm greater flexibility in re- 
sponding to anticipated demand disturb- 
ances, Blinder shows that the responsiveness 
of relative prices depends critically upon the 
cost of storage and the temporal structure of 
the demand shocks. 

Few economists would fault the intuitive 
substance of Blinder's basic proposition, and 
the proposition is justified with characteristic 
precision. The analysis, however, is consider- 
ably less general than Blinder maintains. The 
formal argument of his paper relies upon a 
simple model of a monopolist capable of 
backlogging orders and storing unsold goods. 
As the model is constructed, order backlogs 
assume a role of fundamental importance in 
any stationary equilibrium. This feature of 
the model vitiates Blinder's extension of his 
result to situations in which order backlogs 
are prohibited. 

The basic monopoly model developed in 
Sections I and II of Blinder's paper places no 
restriction upon the sign of inventory. Nega- 
tive inventory is interpreted as net unfilled 
orders, while no distinction is drawn between 
reductions in gross inventory and additions 
to the order backlog. As a result, the cost of 
holding inventory is symmetric around an 
arbitrary minimum point. The only role of 
inventory is to permit the time paths of 
production and sales to differ: gross inven- 
tory allows production to antedate sales, 
while order backlogs generate revenue before 
production costs are borne. Under these cir- 
cumstances, if future costs and revenues are 
discounted, it is natural to expect any sta- 
tionary equilibrium level of net inventory to 
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be negative. This can be shown to be true of 
Blinder's model. 

It is useful to distinguish in general be- 
tween the nonstochastic stationary level of 
inventory (7) and the stochastic stationary 
level (n). The former is realized when the 
current expected demand disturbance (eg) is 
zero and próduction equals sales; the latter, 
which differs from customary usage, repre- 
sents the level of inventory expected to pre- 
vail when adjustment to the current (non- 
zero) expected demand disturbance is 
complete. If the demand disturbance is not a 
random walk, so that p <1 in Blinder's (5), 
the two equilibria coincide. Relatively little 
attention is devoted to either stationary solu- 
tion, because Blinder's main interest is in the 
optimal current solution level (n). The sto- 
chastic stationary level is crucially important, 
however, since it represents the goal toward 
which the current choice must provide an 


optimal first step. 
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To verify that both # and n are negative 
whenever production is strictly positive, note 
that Blinder's necessary condition (7) with 
the coefficient c, set equal to zero, together 
with the definition of A, as the deviation of 
the shadow value of inventory (q,) from its 
nonstochastic stationary value (4), implies 


(1) y,7 eq, =c(A, + d) > 0, 
so that 
(2) À; >—4, 


for all ¢ such that y,>0. From Blinder’s 
condition (12), a stationary solution requires 


(3) 


which, together with the preceding results, 
implies ` 


(4) 


The equality above represents Blinder’s nec- 


A--—b(n-nR)/r, 


n«n-trg/b-0. 
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essary condition (9), with the coefficient b, 
set equal to zero, evaluated at the nonsto- 
chastic stationary state. That condition itself 
implies 

(5) li — rj/b «0, 


if y > 0. The stationary solutions of Blinder's 
model, in both the stochastic and nonsto- 
chastic versions, entail negative equilibrium 
levels of net inventory. 

With respect to the stationary solutions, 
Blinder’s model is better viewed not as a 
model of optimal inventories in the usual 
sense, but as a model of optimal order back- 
logs. This interpretation avoids the difficulty 
acknowledged by Blinder in Section III.B, 
where the "desired" level of inventory is 
defined in (28) to be 


(€)  njen- 


Since the coefficient on the current expected 
demand disturbance (€,) can be shown to be 
negative, this definition seems paradoxically 
to associate positive demand shocks with 
lower desired inventory levels. Blinder sug- 
gests that the first-order autoregressive speci- 
fication of the demand shock might be unre- 
alistic. Recognizing that 7 is negative, a, more 
natural resolution is clearly available: m$ is 
to be interpreted as the desired level of net 
inventory, which is reduced by positive ex- 
pected demand shocks as the desired level of 
gross order backlogs increases. The need for 
this interpretation is symptomatic of the im- 
portance attached to order backlogs in the 
model. 

In Section V.B, Blinder claims that his 
analysis encompasses the asymmetric price 
responses associated with “stockouts” when 
inventory is constrained to be nonnegative. 
If the firm does not stock out, that is, if the 
optimal choice of n, is nonnegative, “...the 
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dynamic system follows the same equations 
as before" (p. 346). In view of the preceding 
discussion, it is clear that this solution 
strategy is inapplicable: the stationary solu- 
tion of the original system is inconsistent 
with the nonnegativity constraint, regardless 
of the implied value of n. 

The requirement that inventory be non- 
negative introduces the possibility of a corner 
solution, in which the firm would like to sell 
more than its fixed stock permits. The proba- 
bility of this event depends upon the level of 
inventory chosen. Part of the expected return 
from holding inventory reflects the con- 
tingency of stockout, so this contingency 
must appear in any rational decision rule. 
This problem cannot be resolved simply by ` 
adding an arbitrary positive constant (K) to 
the solution for inventory, as Blinder sug- 
gests, unless the range of the demand shock 
is also arbitrarily restricted. The complica- 
tion did not arise in Blinder's original speci- 
fication precisely because negative inventory 
was permitted and any distinction between 
gross inventory and order backlogs was 
eschewed. 

` It must be emphasized that the preceding 

remarks do not compromise the value of 
Blinder's central theorem applied to the par- 
ticular monopoly situation with order back- 
logs from which it was derived. The force of 
the result, however, stems partly from the 
very special structure of the situation under 
study, and extension to more general in- 
ventory management problems is far from 
trivial. 
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Intrafirm Productivity: Comment 


By M. SHAHID ALAM* 


In a recent paper in this Review, Harvey 
Leibenstein argues that “once we look at 
productivity from the viewpoint of X- 
efficiency theory postulates, effort discretion 
is implied, and productivity becomes a game 
theoretic problem" (1982, p. 92). In particu- 
lar, he claims to show that “rational” choice 
on the part of firm members leads to a 
prisoners' dilemma (PD) outcome, a solu- 
tion which is generally “held in abeyance by 
conventions, institutions, and laws, involving 
trust, enforcement of contracts, etc.” (p. 96). 

While all this constitutes a fresh start, it is 
my contention that the analysis does not 
stand up to critical scrutiny. First, I maintain 
that Leibenstein’s characterization of in- 
trafirm productivity as a PD problem cannot 
be sustained: in fact, the dilemma does not 
exist. At a more fundamental level, however, 
I find myself at variance with Leibenstein’s 
game theoretic conception of the employ- 
ment relationship.! Instead, I introduce the 
concept of an effort supply function to de- 
Scribe the relationship between the em- 
ployees mean effort level and the firm's 
offer of wage-working conditions. This leads 
to an alternative view of intrafirm productiv- 
ity that is essentially choice theoretic. How- - 
ever, before I develop the critique and refor- 
mulation, a brief review of Leibenstein's 
model will be necessary. 


I. Production as a Prisoners’ Dilemma Problem 


On the assumption that all employees make 
the same choice, Leibenstein looks at pro- 
ductivity as a nonzero-sum game with two 
players: employees and the firm. The options 
of employees, consisting of effort choices, 
range from 7, to 7, in Figure 1: m > 75 >... 
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‘It will be shown that the game theoretic conception 
results from a rather limited interpretation of “rational” 
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817 


w Firm's Options Ww 


A 


Employees’ Options 





FIGURE | 


> m,.? Similarly, the firm chooses from a set 
of wage-working conditions, ranging from 
W, to W,: W,» W>... > W,? The payoffs 
to these different options are defined by 
Leibenstein as follows: first, “a shift along 
any of the horizontal option sets (say along 
AF,) involves adversarial movements for 
which the firm gains at the expense of em- 
ployees. Similarly, vertical movements from 
top to bottom are adversarial movements 
(say along AE,) for which the employees 
gain at the expense of the firm" (pp. 95-96). 
It is also the case that “joint choices which 
are adversarial lead to smaller joint payoffs 
than would otherwise be the case" (p. 96). 
On the assumption that each side behaves 
“rationally” and maximizes “given the oth- 
er’s behavior” (p. 93), a PD outcome is inevi- 
table in the above framework. If the em- 


2? The level of effort represented by 7, is forthcoming 
when, as Leibenstein states, “every employee acts in the 
best interest of the firm. He treats the firm as he would 
like the firm to treat him, and puts forth effort as if the 
enterprise was his own" (p. 92). On the other hand, z, is 
forthcoming when "the individual works as little as 
possible in the firm's interest and does other things (on 
the job) to pursue his own private interests” (pp. 92-93). 

Under W,, the firm provides maximal benefits con- 
sistent with “sustainable profits"; under W,, it attempts 
to minimize working conditions. 
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ployees choose 7,, then it certainly pays for 
the firm to choose W,. Similarly, if the firm 
believes that employees will choose z, it still 
makes sense for the firm to choose W,. The 
same logic applies to the employees. The 
upshot of all this is clear: rational choice 
leads to W,, v,, that is, the PD outcome. 


Xl. Is a Prisoners’ Dilemma Outcome Inevitable? 
A closer look at the above characterization 


of intrafirm productivity reveals several diffi- 
culties. First, it may be noted that the em- 


ployment relationship does not meet a neces- ' 


sary condition of the PD game, namely, that 
negotiation between the parties is prevented 
by its cost or some other circumstance. Since 
the firm and employees are free to negotiate, 
and at costs that are negligible, it appears 
that they will agree to some combination of 
payoffs which leaves both better off vis-à-vis 
the PD outcome. 

Further, even if we rule out negotiations 
between the firm and employees, as Lei- 
bénstein does, ‘a PD outcome need not fol- 
low. Adversarial movements, such as the one 
along AF, in Figure 1, are expected by Lei- 
benstein, and correctly so, to lower the firm's 
productivity. What this implies is that the 
posited increase in the firm's payoff as it 
moves along AF, takes place out of a declin- 
ing total product. It appears more reasonable 
to süppose that the firm stands a better 
chance of increasing its payoff out of an 
increasing total product, that is, by moving 
(from right to left) along AF,. If this were the 
case, the firms may choose W, (where the 
total product would be at its maximum), and 
the employees would continue to choose 7,. 
At 7,,W,, the employees will enjoy their 
"highest possible payoff and the firm too 
escapes its worst payoff given at m,, W,,. 

Finally, it may be shown that Leibenstein's 
game theoretic approach to the problem of 
intrafirm productivity stems from a defini- 
tion of rational behavior (see his p. 93)—the 
maximization of one's own payoff given the 


“According to Leibenstein: “it seems reasonable to 
presume that adversarial behavior between employees 
and the firm will usually decrease productivity, while 
cooperative behavior will increase it" (p. 94). 
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other's behavior— which is a bit too narrow. 
Employees are neither myopic nor one-period 
maximizers, and, given the firm's offer of 
wage-working conditions, they are unlikely 
to respond by choosing to work “as little as 
possible in the firm's interest." In a more 
realistic model, employees would also take 
into account the expected loss from being 
fired, and, since this will depend, among 
other things, on the firm's wage-working 
conditions, the employee's effort choice will 
be functionally related to W. This functional 
dependence naturally imparts a choice theo- 
retic complexion to the determination of pro- 


‘ductivity in the firm. It is this approach 


which I shall explore in the next section. 
HI. An Alternative View 


Before I develop my choice theoretic ap- 
proach to the determination of intrafirm pro- 
ductivity, it seems appropriate to place it in 
perspective. An impressive body of literature 
has grown in the recent past which departs 
from the conventional neoclassical analysis 
of the firm as a fully specified’ production 
process “governed by the exchange of prop- 
erty claims in inputs and outputs" (see 
Herbert Gintis and Samuel Bowles, p. 342). 
Instead, it focuses on the characteristics of 
the employment relationship, and either de- 
rives its rationale? or works out its implica- 
tions for the effort choice of employees. The 
X-efficiency literature concentrates on the 
latter issue. In Leibenstein's words, it views 
“employment contracts...incomplete since 


5The pioneering work in this area is of course that of 
Ronald Coase (1937) who perceived the rationale of the 
employment relationship in the reduction of transaction 
costs. In the same tradition, Armen Alchian and Harold 
Demsetz (1972) offered to explain the structure of the 
classical firm as a solution to the problem of shirking 
associated with team production. Similarly, Oliver 
Williamson, Michael Wachter, and Jeffrey Harris (1975) 
rationalize the phenomenon of the internal labor market 
as a response to the problems created by task idiosyn- 
cracies. More recently, Benjamin Klein has shown that a 
“particular form of transaction cost based upon the 
existence of incomplete contracts (due to uncertainty 
and measurement costs)—a transaction cost I have called 
the hold-up problem-—may be an important reason in 
many cases for termination-at-will and exclusive-dealing 
contract arrangements” (1980, p. 362). 
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remuneration is usually well specified but 
effort is not. Agents (employees), in prin- 
cipal-agent relations, need not behave ex- 
actly as the principals wish. As a conse- 
quence some effort discretion exists" (1982, 
p. 92). Also taking the same approach, though 
from a different perspective, is the work of 
Gintis (1976), and that by Gintis and Bowles, 
who also maintain that since the employ- 
ment contract is incomplete and “the payer 
of the wage has extremely limited disposition 
over the worker...other than the power to 
terminate the labor contract..., [the cost of 
work] depends jointly upon the price of labor 
power and the capitalist's costs of extracting 
labor from the worker once hired" (p. 342). 
My exercise may be construed as an exten- 
sion of this literature. 

My alternative theory of intrafirm produc- 
tivity may now be set out. Given the nature 
of the employment relationship and the firm's 
offer of wage-working conditions, W, the 
employee is faced with the task of choosing 
an effort level that maximizes his welfare. 
This welfare-maximization exercise has to 
take into account, among other things, the 
firm's monitoring activities and firing policy. 
As a part of this exercise, the employee will 
form an estimate of the probability, p, of 
being fired associated with different effort 
levels: p will vary inversely with effort level. 
It follows that if W° is his expected income 
on being fired, the employee's expected loss 
from being fired, as pointed out by Gintis 
and Bowles, is p(W — W*): W being greater 
than W*.$ It may now be seen that an in- 
crease in W increases the expected loss from 
being fired, both. directly, and, indirectly, 
through an increase in p.’ Now if the em- 
ployee was already in an effort equilibrium 
before the increase in W, he may be expected 
to respond to this change by increasing, his 
effort level, thus lowering p and his expected 


Sif W° were greater than W, the employee would 
quit his current job. 

"The employee s subjective probability of being fired 
may be given by p= p(v^— v, m), where 7° is the 
employee's estimate of the effort the firm expects of 
him, v is the effort he supplies, and m is the firm's 
monitoring cost: p, > 0, p; > 0. Further, it may be pos- 
tulated that 7°=7°(W) and vj» 0. It follows that 
dp/aw > 0. 
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loss. In other words, we may expect the 
employee’s actual supply of effort to be a 
positive function of W. 

The firm’s effort supply function (ESF) is 
simply the average supply of effort by all 
employees at different levels of W. On the 
assumption that there is a one-to-one cor- 
respondence between effort supply and pro- 
ductivity (value-added) per employee, the 
ESF may alternatively be represented as a 
relationship between average productivity per 
worker, P and W. Deducting monitoring 
costs per employee m from P gives us the net 
effort supply function (NESF) facing the 
firm. It is with respect to this NESF that the 
firm will choose W to maximize its profits. 
Thus, wage-working conditions are deter- 
mined endogenously in our model. This may 
be easily demonstrated. 

In Figure 2, let the origin represent some 
initial wage-working conditions, Wg, and net 
productivity, p( = P — m), corresponding to 
which the firm breaks even: m is assumed. 
constant throughout my analysis. ? A 45? line 
is drawn through the origin. Consider several 
possible functions: NESF!, NESF?, and 
NESF?. Given NESF', the firm will remain 
at the origin since any increase in W is not 
compensated by an equivalent increase in net 
productivity. With NESF?, however, an in- 
crease in W is more than compensated by an 
increase in p and the firm's final equilibrium 
is given at W? where. its profit, equal to the 
vertical distance between NESF? and the 
45° line, is at its maximum. With NESF?, 
the firm may either remain at the origin if its 
knowledge of the relevant NESF is confined 
to the neighborhood of its existing position; 


Strictly speaking, a utility analysis of this problem 
would be necessary, and I suspect that the response of 
actual effort to changes in W may be ambiguous. How- 
ever, this is not likely to affect the drift of my analysis. 
For one thing, the firm may seek to offer enhanced 
rewards only to employees who respond positively to 
them; in this way, the response of the firm's average 
effort to rising W would be positive even though indi- 
vidual employees may reduce their effort in response to 
increases in W. 

Alternatively, one could assume that optimal levels 
of m vary with W, being determined by the rule that m 
is chosen to equate the marginal cost of monitoring with 
the corresponding marginal increment in productivity. 
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or it may attain equilibrium at W? if its 
knowledge of NESF? is complete. 

The major conclusion to be derived from 
'the preceding analysis is that productivity 
and wage-working conditions will vary across 
firms in a given industry even when. the 
technology employed is identical across 
firms.'? Since these differentials— defined by 
Leibenstein as X-efficiency—are explained 
in terms of neoclassical assumptions, it ap- 
pears that we need not fall back upon other 
forms of behavior (for example, selective ra- 
tionality and inert areas; see Leibenstein, 
1976) to explain their presence. Some other 
implications of the above exercise may also 
be noted. It may be seen that productivity is 
not necessarily positively correlated with 
wage-working conditions: W?( >W?) is as- 
sociated with p°( < p°). It may also be seen 
how a change in management can affect 
productivity. Given NESF?, if the firm is 
caught in an equilibrium at the origin be- 
cause of management myopia, a better- 


V'Differences in NESFs across firms with identical 
technology are likely to arise from two sources: dif- 
ferences in the utility functions of employees and varia- 
tions in managerial abilities of firms. 
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informed management could increase pro- 
ductivity and profits by moving to the new 
equilibrium at e?. 

Some interesting comparative static results 
may also be derived from the above frame- 
work. Thus, an increase in output price may 
raise wages. In Figure 2, an increase in price 
shifts NESF? proportionately to NESF? 
and, correspondingly, the equilibrium W 
shifts from W? to W?. However, if the firm 
is at the origin, an increase in wage may or 
may not be observed: the actual outcome 
will-depend upon the position of NESF with 
respect to the 45? line and the magnitude of 
the price shift. 

It may also be shown that an increase in 
unemployment may increase productivity. 
Higher unemployment, it may be noted, will 
increase the employee's probability of being 
fired and also lower his expected income if 
fired, thereby increasing his expected loss 
from being fired. The employees are likely to 
respond to this by raising their effort level in 
a bid to lower their probability of being 
fired. Thus, productivity may increase in 
periods of unemployment: a phenomenon 
which has been observed during depressions. 


IV. Concluding Remarks 


This comment develops some of the impli- 
cations of the firm as a contractual relation- 
ship between firm and employees, in which 
the former employs its offer of wage-working 
conditions, monitoring activities and firing 
policy to optimize its extraction of effort 
from its employees who are likewise engaged 
in choosing an effort level that maximizes 
their welfare. However, unlike Leibenstein 
(1982) who models this relationship in a 
game theoretic mode, I have found it more 
useful to consider it in a choice theoretic 
framework. Employing the standard assump- 
tions of rational behavior, my alternative 
formulation derives an effort supply function 
with respect to which each firm chooses its 
optimal wage-working conditions, which in 
turn determines the level of productivity. 
Thus productivity, rather than being techno- 
logically determined, is shown to depend on 
the effort choices of employees and the 
organization of the firm. 
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Intrafirm Productivity: Reply 


By HARVEY LEIBENSTEIN* 


In my 1982 paper, an attempt is made to 
study the simultaneous interactions of indi- 
viduals and groups within the firm in order 
to show that, if effort discretion exists, then 
the productivity problem could be viewed as 
an intrafirm game that will usually have a 
suboptimal solution. Since the paper was 
written for the AEA annual meetings, space 
constraints necessitated forcing the ideas into 
a terse mode. This may have been responsi- 
ble for some misunderstandings. In this 
reply, I will try to clear up some basic mis- 
interpretations, and then touch on, what 
appears to me to be, some difficulties with 
the effort supply concept. 

In his comment, M. Shahid Alam implies 
that I believe the prisoner's dilemma out- 
come is inevitable. In fact, I argue the oppo- 
site. The ideas of effort discretion, prisoners' 
dilemmas, and effort conventions have to be 
taken simultaneously. Section I of my paper 
suggests that a behind-the-scenes latent PD 
problem exists. Section II argues that effort 
conventions are substitutes for the latent PD 
outcome. 

A basic difference between Alam and my- 
self is his belief that the prisoner's dilemma 
problem depends on a lack of communica- 
tion. A lack of communication may be a 
sufficient condition for a prisoner's dilemma 
to exist given certain characteristics of the 
payoff matrix, but it is not a necessary one. 
Equally important is a lack of trust so that 
enforceable agreements may not be readily 
achievable. The mere fact that the parties 
can communicate does not eliminate the 
prisoner's dilemma, since there may be vari- 
ous reasons why enforceable agreements can- 
not occur. In a fascinating example based on 
the opera Tosca, Anatol Rapoport (Scientific 
American, 1962) shows how the fact of an 
agreement does not change the basic prison- 
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er's dilemma situation since it is in the inter- 
est of each party not to keep it. 

The basic argument is that the actual out- 
come, an effort convention, would be subop- 
timal but a Pareto improvement over the PD 
solution. Because there are random elements 
in the determination of a convention, it is 
unlikely that the convention will coincide 
with the optimal effort solution 7,W,. Since 
conventions depend on history, it is likely 
that effort conventions that may have been 
close to optimal at an earlier period are no 
longer in that position later. Also, anybody 
who enters the firm will usually find certain 
effort conventions and sanctions designed to 
maintain them already existing. It is not 
myopia that deters individuals from moving 
from a nonoptimal effort convention to an 
optimal one, but the fact that it will rarely 
pay for any individual (in a fairly large firm) 
to try to organize all other individuals to put 
in more effort, and to negotiate all related 
changes. 

Alam considers only the vertical relations 
—those between managers and other em- 
ployees. Unfortunately, I did not give a suffi- 
cient treatment to the horizontal ones (in- 
trapeer group) in my paper, although they 
are treated in my book (1976). In considering 
the choice options that involve simultaneous 
vertical and horizontal relations, we try to 
capture both group interests and individual 
interests. Because of effort discretion and W 
discretion, there are simultaneously 1) possi- 
ble adversarial relations between different 
groups in the hierarchy, and 2) individual 
free-rider incentives towards low-effort levels, 
and lowering some components of W. Both 
the adversarial and free-rider forces lead to a 
latent PD problem, but the PD outcome is 
avoided by a (usually existing) effort conven- 
tion solution. : 

Alam argues that I use a narrow definition 
of rational behavior. I believe this is not so. 
Rational behavior implies that each individ- 
ual, or each unit, behaves in such a way so 
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that they do as well as they possibly can. 
Where the payoff matrix can lead to a pris- 
oner's dilemma, this implies that each side 
will do as well as possible for any choice 
made by the other side. If there is a strategy 
that is best irrespective of what the other side 
does, then this strategy is the rational 
strategy.! 

An essential difference in Alam's and my 
views involves what can be achieved through 
the extraction of effort by threats and moni- 
toring versus other methods. In my view, 
freely given effort results in greater output 
than through monitoring and threats. Thus, 
we can visualize effort as falling into two 
classes, including a lower level which in- 
volves the threat-monitoring approach, and 
an upper basically nonthreat level that is 
more effective. The assumption that I make 
is that the discretionary effort level is essen- 
tially the nonthreat, upper level—the firing 
point is at the point A or to the right in 
Alam's figure. Hence, we view representative 
individuals using their discretion to choose 
effort levels up to a point, but not beyond, at 
which they would seriously risk being fired." 

For some analytical purposes, Alam's ef- 
fort supply functions may be useful, but for 


‘In other game theory situations, maximization may 
not be meaningful since the individual agent does not 
control all of the variables, and there is no best strategy, 
irrespective of what the opposition does. 

These and related points are covered more fully in 
my recent paper (1983). 
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the problem at hand there appear to be some 
difficulties: 1) there is no way for manage- 
ment to know the nature of the effort supply 
function; 2) if effort discretion exists, and I 
believe it will always exist to some degree, 
then it is unlikely that the firm can set W 
and p and expect to get 7,. Offering a higher 
wage rather than a lower one does not neces- 
sarily lead to more effort. inaividoal would 
still be free to choose less.? 


31f the employer controls both W and p, then a 
higher p is a substitute for a higher W. Employers would 
be motivated to substitute more p for less W whenever 
possible. But the attempt by employers to do so would 
surely be viewed as adversarial and, in my view, it would 
usually have effort-limiting consequences. 
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The Neoclassical Maximization Hypothesis: Comment 


By BRUCE J. CALDWELL* 


In a recent paper in this Review, Lawrence 
Boland argues it is “futile” to criticize the 
neoclassical maximization hypothesis. His 
argument is summarized as follows. 

1) “There are only two types of criti- 
cism of any behavioral hypothesis once one 
has established its logical validity. One can 
argue against tbe possibility of the hypothe- 
sized behavior or one can argue against the 
empirical truth of the premise of the hy- 
pothesis" (p. 1031). Boland hopes to show 
that neither of the two forms of criticism 
works against the maximization hypothesis. 

2) One cannot prove the logical impossi- 
bility of the maximization hypothesis. At- 
tempts to do so fail for one of two reasons: 
either one must assume that inductive proofs 
are necessary for true knowledge, or one 
must assume that true knowledge is néces- 
sary for maximization (see pp. 1032-33). Bo- 
land argues that neither assumption can be 
maintained. 

3) Regarding empirical criticism, “The 
methodological problems of empirical refuta- 
tions of economic theories are widely ac- 
cepted” (p. 1033). 

4) Even were this not true, the logical 
form of the maximization hypothesis (an 
“all-and-some statement”) makes it neither 
verifiable nor refutable. *[E]ven if one could 
prove that a consumer is not maximizing 
utility...this would not constitute a refuta- 
tion of the neoclassical hypothesis" (p. 1034), 
because one can always claim that the con- 
sumer was maximizing something, that is, 
something other than utility. 

5) Finally, this does not imply that the 
hypothesis is necessarily a tautology. The 
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hypothesis is best considered an untestable 
* metaphysical statement" which is an essen- 
tial component of the neoclassical research 
program. my 

Points 3 and 5 above attributed to Boland 
are acceptable as stated. They. are related 
points: the empirical problems mentioned in 
point 3 are sufficient to establish the untest- 
ability of the maximization hypothesis, which 
supports the conclusion in point 5. The pur- 
pose of this comment is to criticize points 1, 
2, and 4. Specifically, it is shown that though 
there are only two forms of logically compel- 
ling criticism, many other forms of criticism 
that are useful exist; and that given a broader 
interpretation of the term criticism, Boland’s 
remarks about proofs of logical impossibil- 
ity, though correct, miss the point of what 
critics of the maximization hypothesis tried 
to do. An alternative to Boland’s characteri- 
zation of the maximization hypothesis as an 
all-and-some statement, one more consistent 
with well-known developments in philosophy 
of science, is also presented. In the final 
section, it is shown that Boland’s approach 
of necessity neglects some widely known and 
relevant developments in the methodological 
literature. 


I. The Untestability of the 
Maximization Hypothesis 


An area of agreement can be noted first: 
Boland is on firm ground when he states that 
the maximization hypothesis is untestable. 
(Metaphysical seems a rather loaded word, 
but it is acceptable.) There are a number of 
problems associated with testing the hy- 
pothesis; perhaps the most telling is that any 
direct test, including the revealed preference 
approach, requires that assumptions be made 
concerning the stability of preferences of the 
choosing agent, as well as the states of infor- 
mation confronting him. Since the content of 
these assumptions (properly called initial 
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conditions) are subject to change but are 
not themselves directly testable, test results 
(whether confirming or disconfirming) are 
not unambiguously interpretable. Whether 
we interpret this to mean that the hypothesis 
is untestable, or that it is conceivably test- 
able but that test results are not unambigu- 
ously interpretable, is a matter of semantic 
preference. The point is that the maximiza- 
tion hypothesis is neither directly (since pref- 
erences are nonobservable, and introspection 
and surveys are ruled out as unreliable) nor 
indirectly testable, in the usual senses of 
these terms. 


H. Forms of Criticism 


Boland's assertion that there are only two 
forms of criticism of a logically valid behav- 
ioral hypothesis is true if one counts only 
logically compelling criticism as legitimate or 
important. But such a narrow definition of 
criticism is of little use when one considers 
the appraisal of scientific theories, all of 
which (if we take Kuhn and Lakatos seri- 
ously) contain untestable, “metaphysical” 
hard cores, theoretical terms which do not 
make reference to observable entities, and 
the like. In the evaluation and criticism of 
scientific theories, a number of criteria of 
appraisal may be employed, depending on 
the purposes of the theory in question: pre- 
dictive adequacy, simplicity, generality, heu- 
ristic value, mathematical elegance, plausibil- 
ity, and extensibility are among the criteria 
commonly mentioned. The definitions of, and 
the relative weights that should be attached 
to, such criteria have provided the grist for 
numerous debates in economic methodology. 
Criticism can also take place on another level 
— Karl Popper's distinction between internal 
and external criticism comes to mind.’ In 
short, there are many routes to criticism in 
the appraisal of scientific theories; Boland’s 
definition of criticism is overly narrow. His 


'Criteria of theory appraisal are discussed in Vincent 
Tarascio and myself. See Stanley Wong for an applica- 
tion of the internal-external criticism framework to a 
research program in economics. 
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restricted definition causes Boland to misin- 
terpret the writings of other economists, as is 
shown next. 


Ill. Proofs of Logical Impossibility 


Boland is correct in asserting that no one 
has thus far proven the logical impossibility of 
the maximization hypothesis: after all, even 
if an agent has zero information, he still may 
choose the “best” option, or think that he 
has. But Boland’s point is trivial: no one has 
ever attempted to prove the logical impossi- 
bility of the maximization hypothesis! 

Boland is blinded by constructs which are 
of his own making. 7f one believes that there 
are only two forms of criticism, then one 
might believe that the works of Keynes, 
Hayek, and Shackle are attempts to prove 
logical impossibility. But a far more reason- 
able interpretation of these economists’ ef- 
forts is that they all questioned the usefulness 
of a research program that either ignores the 
question of information, or posits agents with 
full information over all past, present, and 
future states of the world. Both Hayek and 
Shackle are subjectivists (as was Keynes on 
some readings), and that fact explains the 
emphasis on decision making under uncer- 
tainty, on the formation of expectations, and 
on the process of knowledge acquisition and 
dissemination that figures so prominently in 
their works. By focusing on proofs of logical 
impossibility, Boland misses both the intent, 
and worse, the significance of these econ- 
omists’ contributions. 

In recent years, economists outside of the 
subjectivist camp (and this includes both ad- 
vocates and critics of the neoclassical pro- 
gram) have asked similar questions. Indeed, 
even if one focuses only on the present “or- 
thodoxy” in economics, such questioning has 
led to some of the most important recent 
work in economic theory-decision theory; 
various approaches to the modelling of ex- 
pectations formation; the rationale for a 
monetary economy; search, contract, and op- 
timal control theory; and so on. It is a telling 
indictment of Boland’s definition of “criti- 
cism” that the sorts of questions that have 
led to these developments either would not 
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count as criticism, or would be lumped with 
the straw man of “proofs of logical impossi- 
bility,” and thereby dismissed as unfounded. 


IV. The Logical Form of the Maximization 
Hypothesis 


Boland notes that affirmative universal 
statements are not verifiable, even if true, 
and that affirmative existential statements 
are not refutable, even if false. He then argues 
that the maximization hypothesis, restated as 
“Ali consumers maximize something,” is a 
hybrid all-and-some statement that is neither 
verifiable nor refutable, hence untestable. 
Though Boland’s conclusion that the hy- 
pothesis is untestable is correct, it only works 
because the term “utility” has been replaced 
by the term “something” in the hypothesis. 
A more direct approach, offered below, dem- 
onstrates that the hypothesis “AH consumers 
maximize utility" is untestable, not because 
of its logical form, but due to.the presence of 
an undefined theoretical term, utility, in the 
sentence. This more direct approach has the 
added advantage of being consistent with 
well-known results in philosophy of science. 
The argument is by analogy. 

Take the sentence, “All consumers maxi- 
mize glitch." It has the logical form of an 
affirmative universal statement, so should be 
refutable, but not verifiable, according to 
Boland. But because “glitch” has been left 
undefined in the protocol language, the 
statement is neither verifiable nor refutable. 

If the undefined term “utility” is sub- 
stituted for “glitch,” the same problem ex- 
ists, not because the form of the sentence has 
changed, but because (in many formulations 
by economists) utility is undefined. Boland’s 
logical objection, which holds when “ utility” 
is taken to mean “something,” can also be 
viewed as an empirical problem: a sentence 
containing an undefined theoretical term is 
not directly testable. (In their attempts to 
“operationalize” the concept of utility, re- 
vealed preference theorists avoid this prob- 
lem. Unfortunately, they are still faced with 
the other empirical problems mentioned 
earlier.) 

Boland’s argument provides a textbook ex- 
ample of why logical empiricists since the 
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mid-1930's have avoided discussing scientific 
theories in terms of the cognitive significance 
of individual sentences. Their predecessors, 
the logical positivists, tried to rid scientific 
discourse of the metaphysical by insisting 


. that only analytic and synthetic sentences be 


accepted as cognitively significant. Identify- 
ing analytic sentences seemed to pose no 
problems (until Quine raised some questions), 
but it was necessary to find some criterion 
by which legitimate synthetic statements 
could be separated from metaphysical ones. 
Testability was the criterion chosen, but 
making that notion concrete proved difficult. 
Neither verifiability nor falsifiability were 
acceptable criteria because sentences ex- 
pressed in certain common forms (affirma- 
tive universal and affirmative existential) 
would have to be ruled out as “meta- 
physical," even though they are widely used 
in scientific discourse. 

An additional problem, independent of the 
notion of sentence forms, existed. Sentences 
making reference to unobservable theoretical 
entities (atoms, magnetic fields) often cannot 
be directly tested. Some philosophers and 
scientists (following Bridgman and Mach) 
recommended that all such theoretical terms 
be replaced by operational ones, but most 
recognized the important role played by the- 
oretical terms in scientific theories,” 

Both problems were resolved when strength 
of confirmation became the criterion of cog- 
nitive significance embraced by logical em- 
piricists like Carnap, Hempel, and Nagel. 
Rather than check each sentence for cogni- 
tive significance, entire theories would be 
tested. Not every term would be required to 
have an empirical counterpart, but such 
undefined "theoretical terms" would gain 
meaning indirectly when the theories in which 
they were embedded survived numerous test 
instances. The logical empiricist solution has 
been challenged by both Popperian falsifica- 
tionists and growth of knowledge theorists 
like Kuhn, but that is another story.? What is 


?'The necessity of retaining theoretical terms in scien- 
tific discourse is discussed in Carl Hempel. 

3For a more thorough development of these themes, 
see my earlier article. 
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important for our purposes is that when 
utility is viewed as an undefined theoretical 
term, the hypothesis is rendered untestable, 
and that this approach avoids the cir- 
cumlocution of transforming the hypothesis 
into an all-and-some statement. 


V. The Ingenuity of Economists 


It can finally be noted that many (though 
not all) economists have recognized that the 
maximization hypothesis is untestable, and 
that their responses to this apparent dilemma 
have been varied and, at times, ingenious. 

Empiricists of all stripes try to reformulate 
the problem in operational terms. Certain 
Austrians, on the other hand, insist that the 
hypothesis (albeit expressed in slightly differ- 
ent form) is the fundamental axiom of hu- 
man action which is known to be true a 
priori but which nonetheless has empirical 
content. (This is perhaps the most radical 
interpretation in that it presupposes an al- 
ternative epistemology.) Fritz Machlup views 
*homunculus oeconomicus" as an ideal type, 
an artificial device whose acceptability as a 
theoretical construct depends on the range of 
applicability of the theories in which he is 
used. James Buchanan distinguishes between 
a nonpredictive logic of choice, in which 
choices are based on the subjective percep- 
tions of individual agents, and a predictive 
science of choice, in which specific, falsifi- 
able predictions about choice behavior are 
made. Milton Friedman argues that the as- 
sumption should be ignored altogether, and 
that economists should focus instead on the 
predictive adequacy and simplicity of theo- 
ries. Gary Becker and Armen Alchian insist 
that market behavior, not individual behav- 
ior, reveals rationality. And for those who 
believe that the individual agent should still 
receive attention, Becker joins with George 
Stigler to argue that alleged differences in 
tastes and preferences, usually viewed as ex- 
ogenously determined by economists, can 
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themselves be explained as responses to 
changes in incomes and relative prices. 

Thus both advocates and opponents of the 
hypothesis have discussed at length the status 
of the maximization postulate. Sometimes 
the hypothesis is viewed as possessing em- 
pirical content, and sometimes it is expressed 
as a tautology; sometimes it is the centerpiece 
of a theoretical system, and sometimes a 
barely noticed artifact. Boland’s contribu- 
tion, though it sounds quite controversial, 
actually adds little to this well-developed 
literature. Only if one accepts his exceedingly 
narrow definition of the term criticism does 
it make sense to say that it is futile to 
criticize the hypothesis. Significantly, even in 
the absence of logically compelling criticism, 
debate over the merits of the hypothesis have 
yielded many important contributions, both 
in the methodological literature and in eco- 
nomics generally. 
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The Neoclassical Maximization Hypothesis: Reply 


By LAWRENCE A. BOLAND* 


Bruce Caldwell has chided me for ignoring 
the contributions of modern philosophers in 
my 1981 article. Supposedly, if I were to 
appreciate the contributions of the “logical 
empiricists since the mid-1930's" I would see 
the error of my ways. Caldwell chooses to 
focus on my view of criticism— namely, that 
for any criticism to be successful it must be 
decisive, or as he says, “logically compelling.” 
He feels this concept is “overly narrow."! I 
understand him to be saying that there are 
other concepts which are “less” narrow and 
thus my concept is only a special case. He 
recommends a more liberal concept of criti- 
cism which he calls “appraisal.” 

My reply is that he is exactly wrong. The 
idea that criticism must be logically compel- 
ling is not narrow but, instead, the broadest 
possible. And worse, his concept of criticism 
is completely inadequate. The implication 
that we should avoid logically compelling 
criticism in favor of a weaker line of argu- 
ment (which he calls appraisal) is merely an 
expression of Caldwell’s advocacy of the 
commonly promoted, but logically inade- 
quate, methodology which philosophers to- 
day call “conventionalism.” 


I. Appraisal as Criticism 


From the standpoint of logic, it would 
seem to many of us that there is only one 
form of logically compelling criticism— 
namely, the demonstration that the argument 
being criticized leads to a contradiction and 
thus is logically invalid. Note that this was 
not the basis of my argument in my earlier 
paper. My paper was about arguments about 
the neoclassical maximization hypothesis that 
arise after “one has established its logical 
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validity.” That is, the maximization hypothe- 
sis, like any hypothesis, asserts that if certain 
prior conditions are met, then, necessarily 
particular subsequent conditions will be met. 
In short, if the prior conditions are all true 
then the subsequent conditions will also be 
true (see further, my 1979 article). Logical 
validity concerns the term “necessarily,” and 
thus if logical validity has been established, 
the hypothesis can only fail to explain the 
truth of the subsequent condition because 
one or more of the prior conditions cannot 
or are not met. The former is about the 
possibility of the hypothesis being employed 
in a successful explanation and the latter is 
about the empirical truth of an explanation 
based on the hypothesis. 

I will have to agree that even these two 
forms of criticism can be seen to be invo- 
cations of logically compelling criticism. Any 
condition is truly impossible only if it leads 
to a necessary contradiction (a classic exam- 
ple is Kenneth Arrow's Possibility Theorem), 
and a condition.is empirically false whenever 
the conjunction of it with an observation 
Statement necessarily yields a contradiction. 
So, if Caldwell is correct, there must be some 
other form of criticism which can never be 
reduced to a claim that there exists a con- 
tradiction. 

What alternative does Caldwell offer? 
First, he gives us a list of conventionalist 
criteria —simplicity, generality, mathematical 
elegance, plausibility, and so forth. Presum- 
ably, such criteria are to be used to “ap- 
praise" economic explanations in the same 
way a welfare function is used to appraise 
alternative economic policy recommenda- 
tions? But how are such criteria used to 
form a criticism? Perhaps one is supposed to 


?In effect, the methodology of appraisal is a variation 
on neoclassical analysis and it is for this reason I 
examined methodology in these terms (see my 1971 
article). The difficulty is that the use of such criteria in 
the appraisal of theories or models fails to fulfill its 
objective for the very same reason that plagues welfare 
economics—there does not exist a universal criterion 
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adopt a criterion and use it to measure a 
given model or theory. Now the only possi- 
bility of a criticism that can be advanced 
against the given theory is that if one's aim is 
to maximize according to the accepted crite- 
rion, then the criticized theory somehow fails 
to achieve the maximum. But failure to 
achieve one's aim can easily be reduced to a 
failure to avoid a contradiction between one's 
aim and one's achievement. In other words, 
Caldwell's first alternative form of criticism, 
the use of conventionalist criteria, does not 
avoid the use of logically compelling criti- 
cism. 

His second alternative, *Popper's distinc- 
tion between internal and external criticism," 
fares the same fate. Internal criticism is 
merely based on the theorist's acceptance of 
his or her aims and failure to achieve them. 
External criticism centers on criticism of the 
theorist’s aim by measuring it against some 
externally given criterion. In either case, my 
above discussion of aims applies, but with a 
more general view of what constitutes an 
aim. Namely, his second alternative involves 
criticism that a given explanation fails to 
solve some particular theoretical problem 
(Stanley Wong, 1978, pp. 23-24), and thus 
does not avoid being reducible to logically 
compelling criticism. 

All forms of criticism depend on aims, 
criteria, testing conventions, and so forth, 
which are put beyond question for the pur- 
poses of the criticism. Any criticism succeeds 
only by showing that to remain consistent, 
the only alternative is to give up one's aims, 
criteria, and the like, to avoid being incon- 
sistent. So, contrary to Caldwell's arguments, 
my concept of criticism is not narrow, but 
rather it is the most general, since all forms 
of criticism can be reduced to matters of 
logical consistency. 


II. The Poverty of Conventionalist Methodology 
in Economics 


The only contribution of “logical empiri- 
cists [of] the mid-1930's" was to deflect inter- 
est from the difficult question of the empiri- 


that will work in all cases. A more general criticism of 


conventionalist theory-choice criteria —namely, that it is 
selt-contradictory—is offered in my book (1982). 
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cal truth or falsity of explanations to the 
more convenient question of the logical 
validity of argument formed by any explana- 
tion. Rather than arguing about whether a 
theory is true or false, we are supposed to 
choose between the available theories by 
some criterion such as “simplicity” or 
* mathematical elegance." Instead of claim- 
ing that a theory is true or false, we are 
supposed to judge it as being better or worse 
than any other theory according to the 
accepted criterion. Obviously, this approach 
to methodology leads to an infinite regress 
(see further, my 1974 paper). By what super- 
criterion do we choose the best criterion? 

Each of the criteria listed by Caldwell has 
its advocates and critics. No logical empiri- 
cist would ever claim that his or her employ- 
ment of a supercriterion to choose a particu- 
lar theory constitutes a proof that the theory 
is actually true. But if it is not intended to be 
a proof, what is accomplished? Or better 
still, how do we know when any critical 
appraisal is successful and when it is not? 

The idea that we should appraise rather 
than criticize the theories of economists is 
promoted because most people feel that deci- 
sive criticism fosters unproductive fights and 
controversies over the truth or falsity of the- 
ories. Supposedly, reasonable people would 
see that theories cannot be proven absolutely 
true or false. And thus, to be productive we 
should be more tolerant. The difficulty with 
this *reasonable" view is that it fails on its 
own terms. The statement that theories are 
not true or false is itself a statement—-one 
which is claimed to be true! 

Some economists may feel better by ad- 
vocating appraisal rather than logically com- 
pelling criticism, but it only postpones the 
arguments as we would still have to decide 
which appraisal criteria are true in order to 
make our appraisals. The room for dif- 
ferences of opinion and controversy is even 
greater when it comes to choosing one's 
criteria. 
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Property Rights and X-Efficiency: Comment 


By HARVEY LEIBENSTEIN* 


Louis De Alessi’s paper (1983) begins in 
an ecumenical spirit and suggests that prop- 
erty rights theory and the X-efficiency ap- 
proach have not drawn on each other's con- 
tributions. I share that spirit. There is much 
to learn from a variety of approaches. But, as 
De Alessi proceeds, the ecumenical spirit 
withers. The last three sections argue to the 
effect that general neoclassical theory (i.e., 
property rights. theory)! obtains the same 
results as X-efficiency theory, but has a su- 
perior methodology. 

De Alessi's paper puts me in the position 
of a reluctant dualist. His approach resem- 
bles an intellectual takeover bid since it 
argues 1) that neoclassical theory is flawed, 
2) that the property rights approach has cor- 
rected the flaws, and 3) by implication that it 
supercedes other micro approaches? The 
concepts of property rights, transaction costs, 
and adjustment costs, and their motivational 
implications, are certainly useful I see no 
reason to argue against them, or against 
property rights theory. But I believe that 
there is more to the. explanation of inef- 
ficiency. Thus I will stress the special nature 
of the X-efficiency approach, examine our 
differences, and’ attempt to correct some of 
De Alessi's misinterpretations. Nevertheless, 
I believe that De Alessi's article renders an 
important service since it gives a succinct 
summary of property rights theory and ex- 
plains its significance. 

The main differences between us lie in the 
basic presupposition behind the two ap- 
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responsible for errors or viewpoints. 

lThe labels “property rights theory" and “general 
neoclassical theory" will be used interchangeably. 

To stake his claim, De Alessi might have considered 
at least some other alternative approaches, such as the 
work of Oliver Williamson (1970) and that of Richard 
Nelson and Sidney Winters (1982). 
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proaches. In answering the motivation ques- 
tion, property rights theory seems to say that 
property rights are the only motivating force, 
and that people act to fully maximize wealth 
given the limits of their property rights. When 
they do so, their activities are efficient. The 
X-efficiency approach raises a different type 
of question. Namely, it asks (within the firm 
and outside of the exchange relationship) 
what are the motivating forces that de- 
termine effort and productivity, including the 
motivating forces leading to maximizing 
or less-than-maximizing behavior. Property 
rights are, of course, a motivating force. 
However, it is one of many, not the only 
motivating force, nor in many instances is it 
the most important one determining effort. 
It is important to highlight these differences 
because different modes of analysis de- 
termine not only results, but what the analyst 
looks for and possibly finds. The value of a 
theory depends in part on the research it 
generates. 

Another difference lies in the interest in 
inefficiency. It is not clear whether De Alessi 
cares about inefficiency. The postulate of 
maximization of utility by all individuals and 
the explicit assertion by De Alessi that “The. 
equilibrium solution associated with a given 
set of constraints is efficient" (p. 73) gives 
the impression that inefficiency is assumed 
away. Clearly, the X-efficiency approach sees 
inefficiency as a major problem. Only if one 
employs an approach that at least recognizes 
within it the possibility of inefficiency can 
one have empirical results which indicate an 
approximation to efficiency. Inefficiency 
must be a variable if we are to be able to 
find meaningful empirical instances which 
are efficient. 

Compared to the neoclassical approach, 
the property rights approach seems to dissect 
the firm into component individuals and their 
implicit contracts. After dissection, the prop- 
erty rights approach assumes that the ordi- 
nary utility-maximization rules still apply. 


832 THE AMERICAN ECONOMIC REVIEW 


For the X-efficiency approach, this is not the 
case. Once inside the firm, outside of markets, 
it is strategic decision making that becomes 
critical; individual rationality no longer im- 
plies collective rationality.? I hope to show 
that nonmaximization inside the firm be- 
comes an important element in motivating 
effort and in solving free-rider effort prob- 
lems. 


I. Purposes, Separability, and Behavioral Focus 


. While a theory may have a variety of 
purposes (such as an aid in the description of 
behavior, or in the analysis of some set of 
circumstances, as well as making condi- 
tional predictions), it may help if we view 
X-efficiency theory as a vehicle for the anal- 
ysis of some types of nonoptimal behavior. 
Its domain focuses on those areas which do 
not involve the phenomenon of exchange. 
Thus, we might visualize three types of inef- 
ficiency: 1) inefficiencies handled by stan- 
dard theory which involve faults in the 
market; 2) a second type involves nonopti- 
mal economic behavior within established 
units such as the household and the firm, 
apart from the buying and selling of goods; 
and 3) a third type concerned with the inter- 
action of the market and intraunit behavior. 
The X-efficiency theory deals with units 
within which exchange does not take place, 
while neoclassical theory and general neo- 
classical theory (i.e., property rights theory) 
do not allow us to consider the behavior 
within such units in an essential way. If we 
are concerned with the possibility of inef- 
ficiency apart from exchange, then, of course, 
we must use a classification that will allow us 
to analyze behavior entirely apart from ex- 
change contracts. 
.. Consider the following thought experi- 
ment. Suppose a firm has two divisions: a 
contract (C) division for arranging purchase 
and sales contracts and a production (P) 
division. Suppose that C and P are in sep- 


3On the distinction between the two, see Anatol 
Rapoport (1974). ` 

4To my ‘mind it is an oversimplification to view 
theory as having only a single purpose, for example, 
prediction. 
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arate locations. All buying and selling con- 
tracts are arranged by C; all other activities 
by P. Surely we can speak of the different 
efficiencies of the C and P divisions. Inputs 
already exist for P. Given the inputs, P 
produces the outputs. It then informs C of 
the outputs during the week and C, say the 
following week, sells the outputs, and orders 
more inputs to be delivered to P. Surely 
there is a distinction to be made between 
how well C carries out buying and selling, 
and how well the production division carries 
out the input.transformation activities. Thus 
it makes sense to speak of the effectiveness 
or efficiency with which inputs are used in 
order to create outputs. In this example, 
there is complete separation between the 
contracting for inputs and the using of the 
inputs to create outputs. But, the essence of 
the problem does not change where the sep- 
aration is not quite so clear cut. 

In standard theory, the X-efficiency prob- 
lem is obscured (actually eliminated) by the 
introduction of a production function which 
connects inputs.to maximum outputs. Given 
prices, the production function enables the 
calculation of profitable exchanges where one 
side of the exchange involves the purchase of 
inputs and the other the sale of outputs. But 
if we want to study the possibility (and the 
actuality) of nonoptimal behavior in the pro- 
duction department, then we cannot employ 
a production function whose dependent vari- 
able is maximum output. 

It seems reasonable to interpret property 
rights theory as one which uses a complex 
production function.’ In other words, it is a 
theory that allows for monitoring activities, 
transaction activities, and adjustment activi- 
ties, and the cost associated with all these. 
Some employees (managers) monitor the ac- 
tivities of other employees. Similarly, some 
of the employees’ activities involve the cost 
of transactions; others somehow involve the 
cost of incompletely allocated property rights. 
Since all the activities are carried out in an 
optimal fashion, the whole thing really 


. amounts to a somewhat complex production 


function that translates inputs into optimal 


5See, for example, Michael Jensen and William 
Meckling (1979, p. 471). 
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outputs, given the constraints. Clearly, such a 
* production function" does not allow us to 
see behavior which allows for the possibility 
of nonoptimal results. 

In X-efficiency theory, the production 
division exists in an essential way. Indeed, it 
is the locus within which activities take place 
to transform inputs into outputs at various 
possible rates, many of which are nonopti- 
mal, since both firm members classified as 
managers as well as other employees have 
discretionary spaces within which to choose 
activities, that is, they work with incomplete 
contracts. Such discretionary spaces may ex- 
ist with respect to people's effort, the use of 
capital, the use of information flow, access to 
information, and so forth. The boundaries of 
discretionary spaces are not always clearly 
recognized. Such differences can readily gen- 
erate adversarial feelings between individuals 
at different levels. Furthermore, conflicts over 
discretionary space are not necessarily zero- 
sum games; they may be negative-sum games. 
The production division determines what the 
outcome is within a variety of discretionary 
spaces. In essence, two different classifica- 
tions are involved between X-efficiency the- 
ory and property rights theory. De Alessi 
always connects the (contracted) utilization 
of inputs with exchange; in addition, it is 
assumed that people always behave optimal- 
ly. Therefore, it is not surprising that our 
approaches and conclusions differ. 


II. Decision Making 


De Alessi argues that I assume nonmaxi- 
mization, but that, somehow to De Alessi, it 
amounts to maximization. What I really pos- 
tulate is a relationship between pressure and 
“calculatedness” (with “full” calculatedness 
approximating maximization), so that both 
nonmaximization and maximization are in- 
cluded as possibilities. By pressure, I have in 
mind the sum of particular pressures on an 
individual, including those that arise (a) from 
within the individual, (b) from within the 
firm and applied by others on the individual, 


$See Robert Smiley (1976) and Williamson (p. 100) 
for estimates of the discretionary spaces the stock market 
allows firms. 
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and (c) those from outside the firm (for 
example, competition from other firms) and 
transmitted through the firm on intrafirm 
decision makers. Now, we can visualize pres- 
sure on the X axis and the quality of decision 
(degree of calculatedness) on the Y axis. As 
pressure increases, the quality of decision 
making increases until some optimal point 
(or set of optimal points) is reached. The 
optimal points are equivalent to maximizing 
behavior. Beyond the optimal points, we 
may have too much pressure and suboptimal 
decision making sets in. This relationship is 
similar to, or the same as, the psychological 
law known as the Yerkes-Dodson law which 
has been validated many times in a variety of 
contexts since its enunciation in 1908. To 
many the law seems “obvious,” since it 
accords well with experience. 

To clarify what I mean by nonmaximiza- 
tion, it helps to indicate types of possibly 
nonmaximizing behavior. Let us look at deci- 
sion making on the basis of Herbert Simon's 
(1978) distinction between a substantive and 
a procedural theory. A substantive theory 
states the objective (for example, maximizing 
utility) without indicating how it is done, 
while the procedural one is concerned with 
specific procedures or some general state- 
ment about the procedures. Now, there is no 
established list of procedures for maximizing 
utility. Some of the following come to mind: 
1) determination of the entities in the objec- 
tive function; 2) the internal ordering of 
tastes; 3) obtaining external information of 
"goods" and other options available; 4) 
external information of prices or opportunity 
costs; 5) determining the constraints faced 
by the individual; 6) determining when to 
stop information search; and so on. The 


TI regret that one of my articles (1982) referred to 
here and in the next section were not available when De 
Alessi wrote his paper. I feel I have to restate, however 
briefly, some of these ideas in order to clarify the 
differences between De Alessi and myself. On the 
Yerkes-Dodson law, see J. W. Atkinson and O. Birch 
(1978) for a general treatment. I am indebted to David 
C. McClelland for pointing out the close connection 
between some of my ideas on decision-making behavior 
and the Yerkes-Dodson law. All of this is not to deny 
that some maximization models may work well for some 


purposes. 
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point of all this is not to suggest a complete 
or practical list,® but to suggest that there is 
a lengthy group of procedures, and that there 
are a variety of possibilities of not complet- 
ing them. Hence, we can think of incomplete 
sets of procedures, or of sloppy or imperfect 
ways of following some procedures, as forms 
of nonmaximization. 

In addition to 1) incomplete procedures or 
faultily executed procedures, I can think of 
2) habits, 3) conventions, 4) Simon's satisfic- 
ing, 5) the commitment to an ethic or objec- 
tive which leads to losses that could other- 
wise be avoided, and 6) forms of sacrificing 
behavior, as types of nonmaximizing behav- 
ior. The point to be emphasized is that the 
pressure-decision relation is a generalization 
that includes both maximizing and nonmaxi- 
mizing modes of behavior. I will show below 
that some types of nonmaximization behav- 
ior are useful in helping us obtain reasonable 
solutions to some strategic decision-making 
problems. 

It is of special interest to observe that to 
interpret the meaning of maximization as 
inclusive of the disutility of making decisions 
leads to contradictions. Consider a utility 
function U(G, D) containing two arguments; 
G for goods and D for decision procedure. 
Under D there are two options, a maximiz- 
ing and a nonmaximizing procedure. Now 
suppose that the decision maker takes a 
smaller G because he does not like to carry 
out the decision procedures he would have to 
use to get a larger one (i.e., maximization). In 
other words, his total utility is composed of 
the utility of the good plus the utility of 
nonmaximizing behavior. Thus this individual 
would be said to be maximizing when engaging 
in nonmaximizing behavior. 'This is an obvi- 
ous and well-bknown paradox of a class of 
self-referential situations in logic. Obviously 
(or. perhaps not so obviously), it makes more 
sense to start out with the recognition that 
nonmaximizing decision behavior exists and 
to refer to it as such. Paradox lost is clarity 
gained. 

* On-the-job leisure" is a troublesome side 
issue that results in some misunderstandings. 


3Such lists do exist. Many are much more extensive 
than the above. See especially Alexander Cornell (1980). 
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The essential argument (which De Alessi re- 
states) is to the effect that X-inefficiency 
does not exist, but involves a misspecifica- 
tion of the product. If effort is lower rather 
than higher, is more on-the-job leisure pro- 
duced? The basic question is whether an 
individual receives less satisfaction from his 
work qua work when he puts forth more 
effort. In my view, this depends on the na- 
ture of the work, whether others are working 
equally hard, and whether approval is associ- 
ated with the marginal effort. Starting with a 
low effort level and continuing towards 
higher levels, consider four phases: 1) a pos- 
itive marginal utility phase because of 
boredom at low effort levels; 2) a hard- 
to-calibrate portion where approximately 
constant positive utility prevails; 3) a declin- 
ing but positive marginal utility phase; and 
4) beyond that phase a negative marginal 
utility for effort so that more effort is associ- 
ated with less satisfaction. Thus there may be 
circumstances (the first three phases) where 
an increase in effort is not associated with 
any loss in satisfaction. In other cases there 
is such a loss, and other things equal, the 
incentives for individuals are towards putting 
forth less effort. 

In general we should keep in mind that 
effort satisfaction is likely to depend on 
whether relevant others are putting forth 
more or less effort, as well as the simulta- 
neous approval or disapproval of others as- 
sociated with marginal effort. Thus there may 
be a phase where from an individualistic 
viewpoint more effort involves less marginal 
utility, but when the effort behavior and 
possible approval of others is taken into 
account, then these elements may counter- 
balance what would have been a loss of 
marginal utility if the individual had acted in 
isolation. 


III. Game Theory and Effort Conventions 


Since the possibility of suboptimal out- 
comes is one of the issues, I consider briefly, 
in the next paragraphs (without any of the 
detail), how such outcomes may arise. Ideas 
previously published will be considered very 
briefly, but some aspects treated lightly 
elsewhere, and especially relevant to some of 
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the issues, will be considered more fully. The 
essential idea is that intrafirm interactions 
involve both cooperative and competitive (or 
adversarial) aspects. The existence of discre- 
tionary spaces controlled by a number of 
decision makers simultaneously implies that 
no one controls all the variables. Hence the 
choice problem is a game theoretic one. The 
basic argument is that there are (a) conflict- 
ing interests between representative individu- 
als in different hierarchically placed groups; 
and (b) simultaneous free-rider effort options 
for peer group members. Both incentives tend 
toward a latent prisoner's dilemma (PD) 
solution, but (c) the PD outcome is avoided 
by the existence of (usually) suboptimal ef- 
fort conventions. 

With the aid of Figure 1, consider ad- 
versarial behavior between two levels in a 
‘hierarchy, say employees and managers. Em- 
ployees have some degree of effort (e) dis- 
cretion while managers have discretion with 
respect to wages and working conditions 
(W). Employees' effort options are ordered 
as follows: e, >e, 7,...,7 e,; that is, e, is 
the greatest effort level. Managers have wage 
and working condition options whose costs 
and value to employees are as follows: W, > 
W,>,...,>W,. The less W for any effort 
level, the higher the profits. Now for any 
given effort level, the firm (managers) would 
want to move towards W, (which involves 
the lowest cost per man). The representative 
employee in his relations to superiors usually 
has the incentive to put forth more effort 
towards his personal interest (up to a point, 
say the point e,) and less in the firm's inter- 
est. For any given level of W, employees 
want to move towards e,. Thus, the incen- 
tives in the system lead to a latent prisoner's 
dilemma result if both sides attempt to oper- 
ate as “maximizers,” that is, to do as well as 
they can irrespective of what the other side 
does. Simultaneously, we have to keep in 
mind that within each hierarchical group, 
there are free-rider incentives; that is, every 
employee may wish to work as little as possi- 
ble even though he may desire that others 
work reasonably effectively so that the enter- 
prise and his job continue. These free-rider 
incentives exist at every level. Even if some 
exceptionally wise management eliminated 
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the adversarial feelings on the part of em- 
ployees, their free-rider options would still 
provide incentives towards a latent PD out- 
come. 

However, the Jatent PD outcome does not 
normally occur. Usually, conventions exist 
which determine the effort level and solve 
not only the adversarial problem between 
two groups, but simultaneously solve the 
free-rider incentive problem for individual 
members of each group. Managers accept the 
effort convention and pay accordingly, that 
is, according to a wage and working condi- 
tion convention or according to pay for 
somewhat similar work elsewhere. In Figure 
1, the effort convention is shown by the 
letter C. The circle suggests the inert area 
bounds around the convention. As illustra- 
ted, the effort convention is superior to the 
latent PD outcome but not as good as the 
optimal outcome e,W,. Points along the line 
MG show Pareto improvements as we move 
in the direction of the arrow. Since higher 
points on MG involve more effort, more 
productivity, and higher wages, it is possible 
to have a distribution that would benefit 
both employees and yield higher profits. 
There are many other “diagonals” roughly 
parallel to MG which would also involve 
Pareto-improvement loci. Note also that once 
the convention exists, only the effort conven- 
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tion is observable and there is no necessary 
awareness of the latent PD problem? 

There are two aspects to conventions: (a) a 
convention is a regularity of behavior out of 
a set which includes two or more possibili- 
ties, but only one such regularity can exist at 
any one time; and (b) sanctions supporting 
the convention are frequently applied when 
deviant behavior goes beyond certain bounds. 
It is assumed that the effort convention is 
based on history, sanctions, and the observa- 
tion of the average effort norm set by others. 
Thus each person will choose an effort level 
depending on what he learns about the way 
things have been done or are being done, 
signs of approval or disapproval, especially 
from peers, and his estimation of the ob- 
served effort norm. An equilibrium effort 
level is established if, on the average, the 
supply of effort of the sum of individuals is 
equal to the observation of what the average 
level appears to be.'° 

There are a number of elements to be 
noted about effort conventions. The conven- 
tion operates more or less on the basis of a 
stimulus-response mechanism once it exists. 
Given the context, people usually react by 
employing the conventional mode of behav- 

! Are effort conventions stable? Would 
reple stick to a nonoptimal convention or 
attempt to move it to a Pareto optimal one? 
The costs, where a fair number of individuals 
are involved, are likely to be a significant 
deterrent for either maximizers or nonmaxi- 
mizers. Among the cost elements are the 


°The game theory approach to effort supply is con- 
sidered in my 1976 book, ch. 9. The importance of 
conventions, though that term is not used, is considered 
in ch. 5. A well-developed formalized theory of conven- 
tions exists. See especially the book by E. Ullmann- 
Margalit (1977) for the most explicit treatment of con- 
ventions as solutions to PD problems. See also the work 
by D. Lewis (1969) and Andrew Schotter (1981). On the 
repeated PD game problem, see Robert Aumann (1981). 

Tn a diagram, an equilibrium would be established 
where the effort supply curve would cross a 45? line and 
where average effort supplied is a function of observed 
effort and history. 

"Some conventions are intrafirm routines, but others 
may not be. The stimulus for the use of the convention 
may occur in a nonroutinized way. For an extremely 
interesting discussion of the role of routines in firms, see 
Nelson and Winter, pp. 96-138. 
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gathering and distributing of information, 
persuading others of the desirability of 
change, the cost of facing sanctions by strong 
adherents, the cost of persuading peers and 
adversaries, and so forth. Given these disin- 
centives, it is likely that very few individuals 
will try to create a shift from a nonoptimal 
to an optimal convention. 

For some purposes, it may be useful to 
distinguish neutral, lower-bound, and upper- 
bound sanctions. Where the sanctions are 
neutral, they are applied to keep effort 
roughly between some upper and lower 
bounds. Those who have a lower-bound focus 
apply sanctions only on deviant behavior 
below the lower bound, while followers of an 
upper-bound focus apply sanctions on those 
who put forth too much effort. In the former 
case, people are concerned with others not 
“pulling their weight," while in the latter the 
deviants are viewed as “rate busters.” Thus 
some systems of sanctions (with an upper 
bound focus) may permit the gradual erosion 
of the effort norm as new people enter the 
firm and perform at a somewhat lower effort 
standard than those that leave. 

Relaxing the maximizing assumption 
makes it easier to accept and believe that the 
effort convention will override the PD so- 
lution. The stimulus-response mechanism 
makes it easier for each individual to believe 
that others will choose the same way. Fur- 
thermore, a nonmaximization choice proce- 
dure such as the emulation of peers, or a 
commitment to peer group behavior pat- 
terns, makes it easier to believe that few 
people will flout the convention even if there 
is a calculated advantage in not sticking to it. 
Since the convention involves imposing sanc- 
tions (which may be unpleasant), it is easier 
to expect that some will impose sanctions if 
such behavior arises out of emotional forces 
rather than cooly calculated considerations. 


VThe effort convention can be destabilized if some 
intrafirm or environmental variables (ie., payoffs) go 
beyond the inert area bounds. Such shocks may lead to 
a new effort convention; but because of past history, 
past or existing adversarial relations, or a general lack of 
trust, the new convention need not, and probably will 
not, be optimal. It would take us too far afield to even 
speculate on the process of new convention creation. 
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Property rights represents a recognized way 
of doing things. It is a regularity of behavior 
and hence a convention. Like other conven- 
tions, it is strengthened by some types of 
nonmaximizing behavior. The costs of pro- 
tecting property rights, especially private 
property rights, would be enormous if we 
could not count on the fact that others re- 
spect such rights, even when these others 
could gain by not respecting them: The es- 
sence is mistrust vs. trust. In a world where 
no one trusts anyone else, everyone expects 
their goods to be taken unless privately pro- 
tected. Everyone would have to try to moni- 
tor everybody about everything constantly. 
If you hire monitors, who would monitor the 
monitors? Kenneth Arrow echoes these con- 
cerns when he argues that, “Collective un- 


dertakings of any kind, not merely govern-: 


mental, become difficult or impossible not 
only because A may betray B but because 
even if A wants to trust B he knows that B is 
unlikely to trust him. And it is clear that this 
lack of social consciousness is in fact a dis- 
tinct economic loss in a very concrete 
sense...” (1974, p. 26). Douglass North 
makes an important related point to the ef- 
fect that, “Equally fundamental is the di- 
lemma that people do not always ‘free ride,’ 
... That is, if people are convinced the rules 
are fair, they may obey them even when at 
times they could be better off not obeying 
them..." (pp. 163-64). 

It is worth noting that an effort conven- 
tion within the production setup may be 
viewed as playing the same role as price does 
in competitive markets. The price becomes a 
parameter under competition which solves a 
coordination problem. Similarly, the conven- 
tion serves as a parameter with respect to the 
coordination of effort since it permits dif- 
ferent individuals to “rally around” the con- 
vention and to use it as a basis for their 
individual effort decisions. In other words, 
conventions solve game theoretic problems 
by “parameterizing” the environment for in- 
dividual decision makers. 


IV. Monitoring and Effort 


The impression one gets from property 
rights theory is that the degree of effort 
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depends on an adequate amount of monitor- 
ing. The view taken here is different. While 
monitoring against possible shirking is one 
way of handling effort, it is unlikely to be an 
optimal way. There are two reasons for this: 
(a) monitoring implies a preset effort stan- 
dard and hence a fairly complete effort con- 
tract; and (b) beyond some point monitoring 
itself is likely to have undesirable motiva- 
tional effects on effort, especially on the 
qualitative components of effort. 

Most employees are likely to have more 
information about the details of their job 
than the manager. Thus management’s at- 
tempt to work out a fairly complete contract 
for labor in order to set an effort standard is 
likely to be a contract for a suboptimal effort 
level. For instance, it is well known that in 
many industries the best way to reduce out- 
put is to “work according to rule.” Also, and 
equally important, is that an arrangement 
that emphasizes the monitoring-antishirking 
aspects of supervision is likely, by its very 
nature, to set up or increase adversarial feel- 
ings and relations between superiors and 
subordinates. Such relations in their turn are 
likely to reduce effort. Thus the question is 
not whether managers are residual claimants 
and as such sufficiently motivated to do ade- 
quate monitoring, but whether the interac- 
tion between managers and other employees 
(as well as between peers within the two 
groups) generates optimal attitudes. It is to 
be noted that at this stage the argument is 
not whether the view taken by X-efficiency 
theory is correct or not, but rather that it is 
different than the argument put forth by De 
Alessi in which the outcome depends on 
property rights motivating adequate moni- 
toring. i ] 

What fairly extensive monitoring essen- 
tially does is to set up something that ap- 
proximates a mutual threat game. The firm 
stresses that if a minimal (or agreed upon) 
level of performance is not achieved, then 
the individual will be punished; for example, 
fired. The individual employee, and em- 
ployees as a group, on the other hand, are in 
a position to impose some damage to the 
firm by lowering effort, or strikes, and/or by 
contributing to labor turnover costs. The 
ideas are illustrated with the aid of Figure 1. 
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View e, as the highest fully monitored effort 
level. Below e, the employer suffers a pro- 
ductivity loss and the employee gets fired. 
Thus a cooperative solution of e,W, is the 
best solution for all parties concerned under 
a monitoring-antishirking system. 

On the other hand, the situation may be 
such that each side may feel that it can gain 
by a more extreme strategy if the other side 
does not resort to its extreme strategy; for 
example, a slowdown or a strike (for some 
improvement) versus layoffs or being fired. 
The unfortunate outcome for both sides is if 
each uses his extreme strategy. This ap- 
proximates a "chicken" game. Most of the 
time. both sides will try to avoid the extreme 
threats and choose e,W,. In Figure 1, the 
possibilities under a monitoring-threat sys- 
tem are shown in the area marked * moni- 
toring or chicken game." 

Of course, real labor relations * *games" are 
much more complex. Not all managerial sys- 
tems can be captured by effort conventions. 
In some cases a monitoring-threat system 
may be a superior alternative to a low-level 
convention (say one under which the effort 
level was below e, ), but, of course, that is a 
nonoptimal level. Another possibility is that 
monitoring may be combined in some way 
with an effort convention that exists so that 
what is essentially monitored is the conven- 
tion itself. 

The main general point is that merely ob- 
taining an acquiescent nonshirking effort 1s 
of limited value. Freely offered effort, inclu- 
sive of attentiveness and caring about the 
quality of effort, in return for what is viewed 
as a good deal (in the long run) is likely to 
result in higher productivity. There exists a 
world of other options involving higher ef- 
fort levels than e, for which the firm does 
not employ monitoring to any extensive de- 
gree, and instead resorts to other motivating 
forces, which in essence involve higher levels 
of trust and lower implicit adversarial rela- 
tions. But such relations are likely to involve 
quite a bit of discretion on all sides." 


PStrictly speaking, I cannot prove that the view 
taken here is correct. However, my impression is that 
the organizational behavior literature supports tbis view. 
In general, the organizational behavior literature sug- 
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The basic argument is that for the same 
allocation of property rights in firms 4 and 
B (assuming a bounded definition of these 
rights), if 4 and B have different histories 
and different effort conventions have devel- 
oped, then with exactly the same knowledge, 
two very different outcomes will result. A 
case pertinent to the above was reported in 
the New York Times (Steven Rattner, 1981), 
which discussed two Ford plants (in Germany 
and the U.K.) identically designed, and 
equipped to produce the same quantity of an 
identical product. The German plant pro- 
duced 50 percent more automobiles with 22 
percent less labor. Rattner cites Ford offi- 
cials in the U.K. to- the effect that, “The 
difference between the two plants comes 
down to the attitudes of the workers,” and 


: the operations manager of the German plant 


as, ^It has to do with the mental attitude of 
our people here" (p. D1). Clearly, in this 
case, property rights is not the only motivat- 
ing force. 


V. Major Differences and Minor Issues 


Sections IV and V of De Alessi’s paper 
consider a large number of issues, some of 
which are important and some seem to be of 


gests that allowing for discretion and the participation 
by employees in decisions leads to more effective results 
than detailed direction or rules and close supervision. 
See Robert Miles (1980, pp. 93-99; 106—14). A personal 
note may be appropriate here. Recently I spent six 
months in Japan and visited some large firms. In all 
cases I inquired about the way in which employees were 
monitored. The managers were extremely sensitive to 
the idea and convinced me (and my Japanese colleagues) 
that no monitoring by superiors was attempted. Promo- 
tions, by and large, were a consequence of age and 
duration of employment. Here we have examples of 
some highly X-efficient firms who did everything possi- 
ble to avoid monitoring. The managers were aware that 
such practices were carried out in the United States, but 
these were practices that they assiduously chose mot to 
use, despite the fact that at some earlier period they 
were tried by some Japanese firms and dropped. 

V Some studies by C. F. Pratten ( 1976) on productiv- 
ity differences in plants in different countries belonging 
to the same company are pertinent. Some of the cases 
do not apply because of different size runs or different 
product mixes, but others offer rough approximations to 
the Ford Story. See especially, Appendix 4, pp. 83-105, 
Case Nos. 4, 5, 10, 12, 27, 33, 40, 62, 69; Appendix 5, 
pp. 106-114, Case Nos. 6, 21, 26, 34, 41. 
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a minor nature. I cannot respond to each 
and every issue. Instead, I will focus on a few 
of the main issues on which we seem to 
differ. 

A surprising argument in De Alessi's paper 
is the assertion that I believe that ownership 
form does not matter. My acceptance of the 
result of the Shelton “experiment,” as well as 
the acceptance of other evidence of this type 
in my work, indicates quite the reverse. This 
point is very clear in the chapter on state- 
owned enterprises (ch. 8) in my 1978 book. 

In De Alessi's Section IV, he argues that 
the postulates of X-efficiency theory (where 
they differ from property rights theory) can 
be obtained as results of property rights the- 
ory, and since property rights theory has 
fewer axioms, it is superior. A few examples 
will show why X-efficiency postulates cannot 
be obtained from property rights theory. Let 
me restate very briefly two of the postulates 
in question. 1) Nonmaximization: 'This is part 
of a more general decision postulate which 
states that nonmaximizing behavior will take 
place when pressure is relatively low or high. 
Selective rationality (see my 1976 book) al- 
lows for both maximization and nonmaximi- 
zation. 2) Inert area: By an inert area, I have 
in mind a “position” (value of a variable) of 
an economic agent which does not change 
even if certain functionallly related indepen- 
dent variables do change, but stay within 
certain bounds. 

De Alessi argues that a utility-maximizing 
individual does have the incentive to respond 
selectively, which means possibly nonmaxi- 
mizing behavior. If transaction costs are 
sufficiently high, then an individual will re- 
spond only to those events that are suffi- 
ciently large to justify a change. This goes 
counter to any reasonable interpretation of 
what I have attempted to say. Nonmaximiza- 
tion does not depend on sufficient transac- 
tion costs; it is possible with zero transaction 
costs. For example, some individuals might 
not inquire about price even though this 
would be a costless inquiry, and hence not be 
in a position to make a maximizing decision.'? 


151 frequently ask students if they ask their dentist 
the price he will charge for what he is about to do. A 
fairly high proportion indicate (a) that they do not, (b) 
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Even if there are transaction costs, it does 
not mean that nonmaximizing behavior is 
implied. There is no necessary connection. 


. Transaction cost may exist; the benefits of a 


move from A to C may be a maximizing 
move, while a move to B may result in a gain 
but not a maximum gain. However, an indi- 
vidual moving according to habit, conven- 
tion, or an incomplete decision procedure, 
may move to B. 

A similar argument holds with respect to 
inert areas. It is true that if there are enough 
adjustment costs or other costs, people would 
not move. That is not the meaning of an 
inert area. It is postulated that people do not 
move from their present positions within the 
inert area bounds apart from such costs. It is 
true that you can always stick in enough 
transaction costs, adjustment costs, or at- 
tenuation of property rights to get the results 
you want once you know the results desired.!$ 

Again De Alessi argues that contracts are 
incomplete because of monitoring costs. It is 
not at all clear that monitoring cost is the 
relevant consideration. Monitoring cost, and 
the anticipated gain from monitoring (if a 
gain is anticipated), need determine only the 
amount of monitoring to be used. In princi- 
ple we could have complete contracts or 
incomplete contracts and zero-monitoring 
costs. For our purposes, it is quite sufficient 
to start with incomplete effort contracts as a 
basic postulate. 





that it would be easy to inquire, and (c) that the bills 
every so often involve surprises. I believe it is reasonable 
to view such behavior as nonmaximizing. Some may be 
tempted to invent “possible reasons" for such behavior 
so that it fits maximization, even though they do not 
know the people or the facts. I assume throughout that 
we use “maximizing utility" in a nontautological sense. 

16On inert areas, De Alessi seems to approve of my 
exposition. But here I have changed my mind. In recent 
papers I have simply assumed the existence of inert 
areas. In the past I have tried to argue that the cost of 
moving from one position to another was an intraper- 
sonality “cost,” which can lead to suboptimal behavior, 
which differs from an externally determined cost of 
moving, and which can exist apart from external cost. 
But this was misunderstood. It seems to simplify matters 
just to assert inert areas and inertial behavior within 
bounds as a postulate and not speculate on the reasons 
why. 


840 THE AMERICAN ECONOMIC REVIEW 


A methodological issue between us, ac- 
cording to De Alessi, concerns ex ante pre- 
dictions versus ex post confrontation of the- 
ory to empirical results. But the ex ante, ex 
post distinction does not really get at the 
roots of the issue. If one is to test a theory by 
making a "prediction," then the result ap- 
pears to be more convincing if the prediction 
is a consequence of an inference from the 

. theory, and the result is not known when the 
prediction is made. This has to do with effect 
rather than scientific significance." There is 
room for much ex post analysis of data. 
Economic historians could hardly perform 
their tasks if they could not apply their theo- 
ries to existing data. A major purpose of 
theory is to account for the facts, obtained 
either ex ante or ex post.'® However, a sig- 
nificant problem is to sufficiently constrain 
the use of “free” undetermined variables, 
that is, to be sensitive to the danger that a fit 
may be obtained by attributing values needed 
to one or more unmeasured, unspecified, or 
possibly hidden variables involved. 

De Alessi made a number of remarks on 
my use of the word personality and the fact 
that some aspects of X-efficiency theory may 
be nonobservables. But property rights the- 
ory depends on individuals’ preferences and 
on utility maximization. It is obviously a 
“personality” who possesses noncbservable 
preferences and who does the noncbservable 
utility maximizing. Even property rights con- 
straint changes may be unobservable. Is a 
change in feelings by a manager for his (or 
her) spouse who owns a significant share of a 
company observable? 


'7Binstein’s general theory of relativity would be just 
as valid if the measurement of the deflection of light by 
the sun during the 1919 eclipse had'been carried out and 
known before the theory was developed rather than 
afterward. It is hard to see why De Alessi is concerned 
about my presumed ex post procedures. Since I am not 
an instrumentalist, or a single purpose theorist, I do not 
have to be only concerned with predictions. 

'8There is a sense in which some of the studies I 
referred to were ex ante. They were carzied out by 
individuals that I did not know. They noted the in- 
ferences from X-efficiency theory and they.happened to 
have evidence to process which would confront the 
inferences. In a few cases, the evidence came from a 
comparison of situations that came fairly close to results 
one would obtain from an experiment. These results 
could have been published whether or not they were in 
conformity with X-efficiency theory. 
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De Alessi argues that under monopoly, 
costs will be higher because monopolies need 
more information about demand. However, 
this is not the same thing as the X-efficiency 
theory conclusion. The X-efficiency theory 
inference is not the selling costs, or market 
search costs, which are higher but the pro- 
duction costs which have nothing to do with 
finding out more about the demand func- 
tion. Clearly, the conclusion is not only that. 
costs are higher, but the specific nature of 
the costs. In Walter Primeaux’s (1977) article, 
as well as some other work, the difference 
between the sheltered firm and the less 
sheltered one is in terms of production costs. 

On the F-twist methodological issue, I be- 
lieve that counterfactual postulates are un- 
likely to lead to correct coherent explana- 
tions. If the postulates cannot be tested, then 
we are forced to consider only the implica- 
tions. But we would believe there is some- 
thing wrong if we had a theory whose pos- 
tulates were known to be counter to fact but 
which lead to correct predictions. This whole 
matter has been discussed from various view- 
points by a variety of authors (see Mark 
Blaug, 1980). I do not believe that the only 
purpose of theory is as an engine for predic- 
tion, nor do I see that we should look at any 
particular set of methodological views as im- 
posing decisive constraints on our scientific 
procedures at this stage in our knowledge. ?. 

De Alessi seems to object to the use of the 
neoclassical model as a standard for mea- 
suring inefficiency. But we need not compare 
an actual situation with a pie in the sky 
ideal, but rather with some particular perfor- 
mance such as best practice performance. 
The ideal may be superior to best practice. If 
anything, it seems to be a measurement 
problem. Careful procedures for studies of 
this sort have been worked out by econo- 
metricians who attempt to measure frontier 
production functions, as well as to measure 
deviations from the frontier.?? 


I? For a discussion of instrumentalism and carefully 
worked out arguments against it, see Ernest Nagel (1961, 
pp. 129-52). The appeal to Occam's razor is surely 
besides the point, if as I believe I have shown, we indeed 
have different postulates and different theories. 

See the Journal of Econometrics, May 1980, espe- 
cially the introductory paper by F. R. Forsund, C. A. K. 
Lovell, and P. Schmidt. 
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In general, we cannot understand the world 
well unless we distinguish between the inside 
and outside of firms, even if we do focus on 
individual behavior inside. The reason is sim- 
ple, but perhaps not obvious. The behavior 
of the firm in the market requires a different 
sort of behavior of its members than that 
required inside. The firm, and the people 
who represent it to the market, may have to 
be aggressive maximizers; but inside the firm 
cooperation and nonmaximizing behavior 
comes closer to optimality. Inside what 
matters is behavior according to such values 
as commitment to the objectives of the firm 
and not to one's own objectives, loyalty to 
the firm, trust, commitment to a work ethic, 
and so on. As an economy develops firms get 
larger. The ratio of economic activities inside 
vs. outside the firm probably increases. As a 
result, efficiency (relative to capital and tech- 
nical knowledge) may fall if the values 
significant for pursuing the firm's interests 
outside, in a relatively competitive market, 
become the motivations and values used in- 
side. 


VI. Conclusions 


This is mostly an unnecessary controversy. 
In part, De Alessi and I are concerned with 
different questions and different analytical 
ideas. In the present limited state of our 
knowledge, there is room for the develop- 
ment of more than one approach to under- 
stand intrafirm and related economic behav- 
ior. To my mind, X-efficiency theory is a 
research program. It is an open theory that 
represents work in process. Certainly there is 
room for further work, improvements, and 
learning. 

In this paper the following basic dif- 
ferences have been stressed; 1) X-efficiency 
theory allows for degrees of inefficiency. 
Property rights theory argues that all deci- 
sions are efficient. 2) X-efficiency theory re- 
laxes the maximization assumption and al- 
lows for nonmaximizing decisions when the 
sum of external and internal pressures is 
relatively low or beyond optimal pressure 
levels. Some types of nonmaximizing behav- 
ior help the organization to overcome free- 
rider incentives and the adoption of effort 
conventions. Property rights theory assumes 
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that agents in all decision instances maxi- 
mize utility subject to constraints. 3) X- 
efficiency theory separates exchange from 
intrafirm "activities" and asks how well non- 
market activities are organized. Property 
rights theory seems to tie everything to ex- 
plicit or implicit exchange contracts. 4) The 
X-efficiency approach attempts to consider a 
variety of motivating forces within the firm, 
including environmental forces, and it ac- 
cepts property rights as one such motivating 
force. 5) X-efficiency theory focuses on the 
interaction of all firm members (including 
both managers and employees) in their hori- 
zontal, vertical, and historical relationships. 
These interactions may be adversarial or co- 
operative both between and within groups, 
and they involve the possible responses of 
individuals to free-rider incentives. Property 
rights theory appears to ignore most of these 
basic intrafirm nonmarket interactions. 
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Property Rights and X-Efficiency: Reply 


By Louis DE ALEssI* 


Recently (1983), I assessed the relative 
merits of X-efficiency and of neoclassical 
economic theory generalized to include the 
constraints imposed by transaction costs and 
the structure of property rights. On both 
theoretical and empirical grounds, I con- 
cluded that such a generalization encom- 
passed whatever limited explanatory power 
X-efficiency had to offer. 

Harvey Leibenstein’s comment (1983) 
sharpens his presentation of X-efficiency and, 
in my view, highlights the limitations of that 
construct.' Because the main points he raises 
were already addressed in my original article, 
further discussion would be repetitive. 
Leibenstein, however, seems to misinterpret 
several key aspects of my analysis. Accord- 
ingly, it is useful to restate these points to 
avoid misunderstanding by other readers and 
to facilitate assessment of the positions at 
issue. 

Neoclassical economic theory, defined as 
the utility-maximization theory of the con- 
sumer and the wealth-maximization theory 
of the firm, assumed—inter alia—that all 
rights to the use of resources were fully allo- 
cated, privately held, and exchanged at zero 
information and transaction costs. By the 
late 1950’s, empirical studies began to reveal 
some serious limitations of this framework 
and stimulated a variety of proposed reforms. 

Different lines of research eventually led 
to the generalization of neoclassical theory to 
include the explicit consideration of transac- 
tion costs and the structure of property rights. 
This approach has turned out to be ex- 


*Law and Economics Center, University of Miami, 
P.O. Box 248000, Coral Gables, FL 33124. I am in- 
debted to Roger E. Meiners and Robert J. Staaf for 
helpful comments. 

lLeibenstein's statement that I should have con- 
sidered other alternative approaches, including William- 
son's, is mystifying. First, I was not writing a review of 
the literature. Second, Williamson's work is a major 
keystone of the analysis I presented. My paper con- 
tained several statements to that effect plus repeated 
references to his writings. 
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tremely fruitful. Not only has it reconciled 
the theory with broad classes of previously 
unexplained phenomena, but it has opened 
the way for important new applications. In 
particular, it has allowed extension of the 
utility-maximization hypothesis to all choices 
(i.e., by household, business, and government 
decision makers) subject to constraints. This 
advance has ended the-dichotomy between 
the theory of consumer choice and the theory 
of the firm, and has established a more 
powerful framework for investigating the 
organization of economic activity. 

Thus, for example, analysis of the shirk- 
ing-information problem of team production 
is offering new insights into why firms exist. 
Indeed, it is providing a new perspective on 
vertical integration, occasioning a major re- 
appraisal of antitrust policies; on the circum- 
stances affecting the choice of business 
organization, including single proprietor- 
ships, partnerships and other profit-sharing 
arrangements, corporations, nonprofits, and 
government-owned firms; and on the eco- 
nomic consequences of alternative ownership 
arrangements. Both theory and evidence in- 
dicate that the choice of organizational form 
and the rules adopted within it depend cru- 
cially not only on transaction costs, but also 
on the formal legal system as well as on the 
work ethic, customs, conventions, and other 
components of a society's system of property 
rights. 

Transaction costs and the system of prop- 
erty rights simply belong to the group of 
variables that determine the opportunity set 
faced by a utility-maximizing decision maker. 
It follows that “property rights," like trans- 
action costs, is not a theory (it is a variable 
that enters economic theory) it is not a 
motivational force (other than in the sense 
that it affects the opportunity set); it does 
not imply that individuals act to fully maxi- 
mize wealth given the limits of their property 
rights (its most distinguishing feature is the 
insistence upon the universal applicability of 
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the utility-maximization hypothesis); it deals 
with all individual choices subject to con- 
straints (including those made within busi- 
ness and government organizations as well as 
those that entail exchange); and it refers to 
the whole range of man-made institutional 
constraints (i.e., legal relationships, customs, 
ethics, and all conventions). 

The issue of efficiency is vexing. Following 
George Stigler (1976) and others, I defined 
efficiency as the solution to a constrained 
maximization problem. Different constraints 
yield different efficient equilibrium solu- 
tions, and theory may be used to explore the 
consequences of alternative constraints. Thus, 
one set of constraints may yield an efficient 
equilibrium solution entailing a negligible 
amount of shirking (for example, few errors, 
little sloppiness) and production of the mea- 
sured output at costs approaching those of 
the ideal neoclassical equilibrium solution. A 
different set of constraints that lowers the 
cost of shirking would yield a new, efficient 
equilibrium solution with more shirking (for 
example, more errors and sloppiness) and 
higher production costs for the measured 
output. To view the latter solution as less 
efficient, however, is to ignore the utility of 
the shirking and the distribution of the gains 
and losses under the alternative sets of prop- 
erty rights. The history and present state of 
formal welfare economics suggest that these 
are shifting sands. Labeling some outcome 
inefficient, X or otherwise, simply does not 
solve the question of standards or provide 
any benchmark for predicting choices. 

To clarify the issue further, consider Frank 
H. Knight's statement that 


There is a common misconception 
that it is possible to measure or discuss 
efficiency in purely physical terms. The 
first principles of physics or engineer- 
ing science teach that this is not true, 
that the term efficiency involves the 
idea of value, and some measure of 
value as well. It is perhaps the most 
important principle of physical science 
that neither matter nor energy can be 
created or destroyed, that whatever goes 
into any process must come out in some 
form, and hence as a mere matter of 
physical quantity, the efficiency of all 
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operations would equal one hundred 
per cent. [1951, pp. 9-10} 


Leibenstein presumably would agree that 
if engine A is technologically more efficient 
than engine B (i.e., A yields more thrust per 
unit of fuel), it does not follow that engine A 
is economically more efficient (the cost of 
building A could be sufficiently higher to 
offset the lower fuel costs). Similarly, how- 
ever, if engine A is economically more effi- 
cient in producing the measured output (i.e., 
in equilibrium it yields thrust at a lower unit 
cost), it does not follow that it is economi- 
cally more efficient in a broader sense (for 
example, it could yield more air or noise 
pollution). Moreover, even if engine A is 
more efficient in a broader sense, it does not 
follow thàt it will be chosen. Or, indeed, that 
it should be chosen, given the absence of a 
costless system for providing full compensa- 
tion. As in the case of any other set of 
options, decision makers will maximize their 
utility (which includes their view of the pub- 
lic interest) subject to the applicable con- 
straints. 

It seems convenient at this point to ad- 
dress the issue of maximizing vs. nonmaxi- 
mizing behavior. Generalized neoclassical 
theory implies that, under a variety of alter- 
native constraints, utility-maximizing indi- 
viduals will shirk or engage in other behavior 
that Leibenstein insists should be viewed as 
nonmaximizing. In the absence of any evi- 
dence to the contrary, however, and none 
was offered, an increase in the cost of such 
nonmaximizing behavior will induce at least 
some individuals to do less of it. Accord- 
ingly, the nonmaximizing label seems idio- 
syncratic and misleading. 

Taking transaction costs and the system of 
property rights into account is providing new 
insights into a broad range of previously 
unexplained phenomena, including those ad- 
dressed by X-efficiency. It does not follow, 
of course, that these advances exhaust the 
range of possible improvements in the the- 
ory, or that the theory may not in time be 
replaced by another, simpler and more 
powerful theory. In assessing the relative 
merits of the existing framework against al- 
ternative competing formulations, however, 
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it is necessary to take into account the rele- 
vant state of the world—including transac- 
tion costs and the system of property rights 
— and to eliminate irrelevant statements by 
the rigorous application of Occam’s razor. 
At least some of the difficulty in coming 
to grips with X-efficiency results from 
Leibenstein's proclivity for redefining terms 
to suit his convenience, thereby setting up 
suitable straw men, and for seeking to refute 
hypotheses by musing about conceivable cir- 
cumstances that would modify or deny them.? 
The meaning of any hypothesis, however, 
resides in the conceivable behavior that it 
denies. Regardless of the purposes to which 
any scientific theory might be put— predic- 
tion, explanation, guide to.policy, and so on 


—ultimately its usefulness depends upon its . 


ability to deal with real world phenomena. 
As a result, its truth or falsity ultimately 
must be established empirically (for example, 
see Ernest Nagel, 1963)? 

The analysis presented in my earlier paper 
indicates that generalized neoclassical theory 
is superior to the X-efficiency construct on 
both theoretical and empirical grounds. Gen- 


?7Leibenstein seems to be concerned with the rational- 
ity of the individual and how particular individuals 
might behave in particular circumstances. My concern, 
on the other hand, is with the rationality (logic) of the 
. theory and its ability to explain real world phenomena. 
3Leibenstein also footnotes Nagel: (1961) approv- 
ingly. $ 
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eralized neoclassical theory is simpler and 
yields a richer, broader range of impli- 
cations, including all of those supposedly 
generated by X-efficiency, and receives 
broader, more rigorous empirical support. 
Although Leibenstein argues that the content 
of X-efficiency differs from the content of 
generalized neoclassical theory, he fails to 
provide any testable hypotheses or any em- 
pirical evidence capable of supporting that 
claim.^ 


^In its own terms, X-efficiency is X-inefficient. 
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The Limits of Neoclassical Theory in Management Education 
ROBERT G. HarRIS, University of California-Berkeley 
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RICHARD Caves, Harvard University - 
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Papers: JOHN C. HILKE AND PHILLIP B. NELSON, Federal Trade Commission 
Noisy Advertising and the Predation Rule in Antitrust Analysis 
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Exclusive Dealing and Strategic Behavior 
ROBERT E. DANSBY, Bell Laboratories 
Commodity Bundling and Injunctive Pricing Restraints 
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RICHARD J. GILBERT, University of California-Berkeley 
LEONARD WAVERMAN, Institute for Policy Analysis, University of Toronto 


2:15 P.M. MONETARISM: LESSONS FROM THE PosT-1979 EXPERIMENT* 
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Papers: BENJAMIN M. FRIEDMAN, Harvard University 
How Useful Were Monetary Aggregate Targets During the Post-1979 Experiment? 
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Monetarist Principles i in the Light of Recent Experience 
JAMES L. PIERCE, University of California-Berkeley 
Did Financial Innovation Hurt the Great Monetarist Experiment? 
Discussants: ALAN S. BLINDER, Princeton University 
MILTON FRIEDMAN, Hoover Institution ` 
ALLAN H. MELTZER, Carnegie-Mellon University |. 
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2:15 P.M. ALTERNATIVE VIEWS OF THE PRODUCTIVITY PUZZLE ©“ `- Tr nc 
Presiding: MARTIN N. BAILY, The Brookings Institution . ESI E 
- Papers: EDWARD N. WOLFF, New York University =" eate 
Industrial Composition, Intérindustry Effects, and: the U. s. Productivity Slowdowi 
ANDREW SHARPE, Department of Finance, Canada . 
` A Comparative Analysis'of the Canadian and American Productivity Slowdowris 
EDWARD M. MILLER, Rice University 
; Obsolescence and the Measurement of Capital . 
JOEL D. SCHERAGA, Rutgers University 
The Heterodox View of. Growth Accounting : 
Discussants: RICHARD NELSON, Yale University 
GREGORY JUMP, University of Toronto jue : 
` MICHAEL ARNOLD, Institute of Regional and Urban Studies 


2:15 P.M. ECONOMIC IMPLICATIONS OF CHANGING TRADE STRUCTURES: ASIAN COUNTRIES 
Presiding: ROBERT E. BALDWIN, University of Wisconsin-Madison - i 
Papers: RICHARD HOOLEY, University of Pittsburgh 
The Role of Industrial Productivity Growth in Export Bpod: The Case of the Philippines and 
Malaysia 
SUNG Y. KWACK, Howard University 
: Developments in and Prospects for External Debt Position and Burden of Developing Countries: 
The Case of Korea 
- FRANK S. T: Hsiao, University of Colorado-Boulder, AND MEI- cHU: Wang Hsiao, University of 
Colorado-Denver 
What Makes Asian NICs Tic? An Analysis of Changes in Trade Structure 
Discussants: JOHN M. LETICHE, University of California-Berkeley 
KANTA Marwak, Carleton University — . 
Woo Bona LEE, Bloomsburg. State College 


2:15:P.M. IMPACTS.OF CHANGES IN MILITARY ‘EXPENDITURES AND FOREIGN ASSISTANCE - à 
Presiding: KENNETH BOULDING, Swarthmore College ` ' 
Papers: LAWRENCE R. KLEIN, University of Pennsylvania 


Foreign Assistance from Reduced Military pee: Implications fo for Growth of PDE 
Nations 


MARTIN C. McGuire, University of Maryland - 
Foreign Assistance, Investment and Defense: A Methodological Stidy with an Application to 
Israel, 1960—79 
Discussants; WALTER ISARD, Cornell University 
MICHAEL INTRILIGATOR, University of California-Los duds 


2:15 P.M. POLITICAL ECONOMY OF STATE GOVERNMENT, DECISION MAKING, I: Score FOR DISCRETION AND 
INNOVATION 
Presiding: WILLIAM OAKLAND, Tulane University’ 
Papers: ROGER BOLTON, Williams College’ 
A State's Economic and Fiscal Structure as a Diversified Portfolio 
WILLIAM WHITESELL, Franklin and Marshall College: © "' ' 
Opportunities for Innovation in State'Banking Regulation 
CHARLES McLure, Hoover Institution 
The Do's and Don't's of State Tax Policies ; i 
Discussants: NEAL Soss, Federal Réserve Barik or Néw YO 'and Federal Reserve Board 
KARL Case, Wellesley College” ERE sy 25 ia 


2:15 P.M. THE PRICE EFFECTS OF STRUCTURAL CHANGES 1 IN THE REGULATED inpusrenes Goint Session with the 
Transportation and Public Utilities Group) re, 

Presiding: Jay A. SMITH, JR., University of North Florida’ "nS 

Papers: ALLAN D. SCHUSTER, University of Texas:Austin’ ; 

,. Expected Structural Changes i in the Motor Carrier Industry: Impact on Transportation Costs and 
- Pricing Strategies 
Laurence T. PuiLuPs, U. s. Department’ of Transportation, AND REUBEN Kyrie IIl, Middle 
Tennessee State University ` 

Airline Deregulation: Did Hooisomists Promise Too: Much or Too Little? 

WALTER G. BOLTER, Bolter and Nilsson. Consultants 


The Appropriateness of Regulation as a Means’ of Implémenting Social Goals in Future Telecom- 
munications Markets 


Discussants: GAYTON GERMANE, Stanford University 
JosEPH GILLAN, Illinois Commerce Commission 
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2:15 P.M. DEMAND FOR MENTAL HEALTH SERVICES (Joint Session with Health Economics Research Organization) 
Presiding: DONALD E. YETT, University of Southern California 
Papers: CONSTANCE M. HORGAN, National Center for Health Services Research, DHHS 
The Demand for Ambulátory Mental Health Services 
RICHARD M. SCHEFFLER AND CAROLYN ADAMS WATTS, University of California-Berkeley 
Changes in the Demand for Mental Health Services Under Blue Cross/Blue Shield 
ALVIN K. KLEVORICK, Yale University, AND THOMAS G. MCGUIRE, Boston University 
' Regulation, Insurance, and Demand and Supply for Mental Health Services. 
Discussants: RICHARD G. FRANK, University of Pittsburgh 
WILLARD MANNING, The Rand Corporation 
CHARLES P. HALL, Temple University 


2:15 P.M. THE ECONOMICS OF CATASTROPHIC RISK (Joint Session with the Association of Environmental and 
Resource Economists) 
Presiding: MAUREEN CROPPER, University of Maryland 
Papers: 'TALBOT PAGE, California Institute of Technology 
A Groye-Like Mechanism in Risk Assessment 
PAUL SLOVIC, BARUCH FISCHOFF, AND SARAH LICHTENSTEIN, “Decision Research, Inc. 
Forecasting the Economic Impact of Catastrophic Accidents: Psychological Perspectives 
HERMAN B. LEONARD AND RICHARD J. ZECKHAUSER, Harvard University . 
Public Provision of Insurance 
Discussants: HOWARD KUNREUTHER, University of Pennsylvania 
Tracy Lewis, University of British Columbia 
DAVID GRETHER, California Institute of Technology — ; 


2:15 P.M. ENERGY DEMAND AND SUPPLY: RECENT RESEARCH RESULTS FOR EUROPE AND THE UNITED STATES 
Presiding: EDWARD W. ERICKSON, North Carolina State University 
Papers: ROY BOYD AND. CAROL DAHL, University of Wisconsin-Milwaukee 
Impact of the Soviet Gas Pipeline on Western Europe's Energy Cost 
CHRISTOPHER GARBACZ, University of Missouri-Rolla , 
Residential Energy Demand: A National Micro-Based Model 
JAMES B. KURISH AND MICHAEL J. PIETTE, University of Hartford 
The Impact of the Federal Residential Energy Conservation Tax Credit on Individual Household 
Energy Conservation Expenditures 
Discussants: JAMES SWEENEY, Stanford University 
JAMES CHALFANT, University of California-Berkeley 
JAMES PLUMMER, Q.E.D. Research Inc. 


2:15 P.M. EXCHANGE RATE DETERMINATION IN ! ALTERNATIVE Economic ENVIRONMENTS 
Presiding: JOHN H. MAKIN, University of Washington 
Papers: CHARLES LACIVITA, University of North Carolina-Greensboro 
Exchange Rates in General Equilibrium 
STEPHEN A. MEYER, University of Pennsylvania and Federal Reserve Bank of Philadelphia : 
Financial Markets and External Exchange Rate Shocks with a Basket Peg 
MARK M. PITT, University of Minnesota 
Smuggling and the Black Market for Foreign Exchange : 
. Discussants; KENNETH ROGOFF, Federal Reserve Board 
DoucLas D. Purvis, Queens University-Kingston 
ROBERT Honrick, Northwestern University 


4:30 P.M.. ECONOMIC OUTLOOK AND-ECONOMIC POLICY 
Presiding: JUANITA KREPS, Duke University 
Panel: ALAN GREENSPAN, Townsend-Greenspan & Company - 
ALICE RIVLIN, The Brookings Institution 
GARDNER ACKLEY, University of Michigan 


8:00'P.M. RICHARD T. ELY LECTURE* 
Presiding: CHARLES L. SCHULTZE, The Brookings Institution 
Papers: THOMAS C. SCHELLING, Harvard University 
Self-Command in Practice, in Policy, and in a Theory of Rational Choice 
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8:00 A.M. NEw EVIDENCE ON THE DEMAND FOR SAFETY AND THE BEHAVIORAL RESPONSE TO SAFETY REGULATION* 
Presiding: LAURENCE C. ROSENBERG, National Science Foundation 
Papérs: CLIFFORD WINSTON, Massachusetts Institute of Technology 
Consumer Demand for Automobile Safety Regulation: A Hedonic Analysis 
WILLIAM T. DICKENS, University of California-Berkeley 
Differences in Risk Premia in Union and Nonunion Wages and the Case for Occupational Safety 
Regulation ; 
W. Kip Viscusi, Duke University 
Behavioral Response to Safety Regulations: The Effect of Child Resistant Packaging òn Aspirin 
. Ingestion 
ROBERT W. CRANDALL AND JOHN GRAHAM, The Brookings Institution . 
. Automobile Safety Regulation and Offsetting Driver Behavior: Some New Evidence 
Discussant: GLENN BLOMQUIST, University of Kentucky : 


8:00 A.M. INFORMATION AND MACROECONOMICS* 
Presiding: EDMUND S. PHELPS, Columbia University 
Papers: BRUCE GREENWALD, Harvard University and Bell Laboratories, JosEPH E. STIGLITZ, Prince- 
_ ton University and Bell Laboratories, AND ANDREW WEISS, Columbia University and Bell Laborato- 
‘ries : 
Informational Imperfections and Macroeconomic Fluctuations 
CARL SHAPIRO, Princeton University 
Price Signaling, Price Rigidity and Macroeconomic Adjustments 
JANET YELLEN, University of California-Berkeley 
Uncertainty in Macroeconomics: A Survey 
Discussants: GEORGE AKERLOF, University of California-Berkeley 
ROBERT E. HALL, Stanford University 


8:00 A.M. THE POLITICAL ECONOMY OF BUDGET DEFICITS* 
Presiding: JosEPH PECHMAN, The Brookings Institution 
Papers: ALICE RIVLIN, The Brookings Institution 
Reform of the Budget Process 
ROBERT EISNER, Northwestern University 
‘Which Budget Deficit? Some Issues of Measurement and their oplitelloni 
ALAN BLINDER AND DOUGLAS HOLTZ-EAKIN, Princeton University 
Public Opinion Toward Deficits 
` Discussants: MURRAY WEIDENBAUM, Washington University 
LAWRENCE SUMMERS, Harvard University 
GEORGE VON FURSTENBERG, University of Indiana 


8:00 A.M. THE THEORY OF CONTRACTS AND AGENCY: IMPLICATIONS FOR THE BEHAVIOR OF WAGES* 
Presiding: MARTIN N. BAILY, The Brookings Institution : 
Papers: BENJAMIN KLEIN, University of California-Los Angeles 

An Economic Theory of Rigid Wages 
EDWARD Lazear, University of Chicago 

Incentives and Wage Rigidity 
ROBERT J, FLANAGAN, Stanford University 

Implicit Contracts, Explicit Contracts, and Wages 

Discussants: MARTIN N. BAILY, The Brookings Institution. 

JOHN HALTIWANGER, University of California-Los Angeles 
VICTOR GOLDBERG, Northwestern University 


8:00 A.M. IMMIGRATION AND EMPLOYMENT (Joint Session with the Industrial Relations Research Association) 
Presiding: F. RAY MARSHALL, University of Texas 
Papers: GREGORY DEFREITAS, Barnard College, Columbia University, AND ADRIANA MARSHALL, 
New York University 
Immigration, Employment, and Wage "Growth in U.S. Metropolitan Areas: 1970-80 
MARCIA FREEDMAN, Columbia University 
Employment Experience of Immigrants in the New York City Labor Market 
PHILIP L. MARTIN AND RICHARD MINES, University of California-Davis 
Immigration and the California Farm Labor Force 
Discussants: VERNON BRIGGS, New York State School of Industrial and Labor Relations, Cornell 
University 
Russ WILLIAMS, Agricultural Producers, California 
MUZAFFAR CHISHTI, International Ladies Garment. Workers Union 
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` 8:00 A.M. ECONOMIC INEQUALITY: MEASUREMENT AND POLICY (Joint Session with the Econometric Society) 
Presiding: GEORGE F. RHODES, JR., Colorado State University 
Papers: ROBERT E. BASMANN, Texas A&M University 
A Multivariate Approach to Modeling i EE Bronce Inequality 
JAMES FOSTER, Purdue University 
On Economic Poverty . 
DALE W. JoRGENSON, Harvard University, AND DANIEL T. SLESNICK, University of Texas-Austin 
Inequality in the Distributions of Individual Welfare 
Discussants: GLENN Loury, Harvard University 
R. ROBERT RUSSELL, New York University - 
THOMAS M. STOKER, Massachusetts Institute of Technology 


8:00 A.M. MEN, Women, AND SOCIAL SECURITY 
Presiding: ALICIA MUNNELL, Federal Reserve Bank’ of Boston : 
Papers: PAUL CULLINAN AND PATRICIA RUGGLES, Congressional Budget Office 
Relative Benefits Received by Men: and Women under Social Security: Current Laws and Two 
Options h 
BARBARA LIBBY AND ÉLIZABETH DURAN, Niagara "University 
Women Workers' Subsidization of the Social Security Program 
MARJORIE HONIG, Hunter College 
Labor Supply and Retirement Behavior of Older Women : 
Discussants; LAURENCE KOTLIKOFF, Yale University ' d 
SUSAN WACHTER, University of Pennsylvania ` 
SoPHIE KORCZYK, Employee Benefit Research Institute. 


8:00 A.M. ‘TOPICS IN URBAN AND REGIONAL ECONOMICS . 
Presiding: A. THOMAS KING, Federal Home Loan Monai Corporation ý 
Papers: DAVID E. Miris, Vanderbilt University ` 
Indivisibilities and Land Development Timing: The Shopping Center Problem ` 
JANICE FANNING MADDEN, University of Pennsylvania . 
Urban Wage Gradients: Empirical Evidence : É 
Curtis C. HARRIS AND MEHRZAD NADJI, University of: Maryland 
Spatial Modeling of Production Capacities 
JOSEPH A. ZIEGLER, University of Arkansas 
A Disequilibrium Model of Regional Employment Charges 
Discussants: DONALD C. SHOUP, University of California-Los Angeles 
RANDALL W. EBERTS, University of Oregon 


8:00 A.M. INTERNATIONAL BANKING Goiat Session with the American Finance Association) 
' Presiding: ANDREW F, BRIMMER, Brimmer and Company, Inc. 
Papers: LELAND S. PRUSSIA, Bank of America ` ` 
Innovations and Structural Changes in International Banking 
HENRY C. WALLICH, Board of Governors of the Federal Reserve System. 
International Commercial Banking from a Central Bank Viewpoint. 
ANDREW F. BRIMMER, Brimrüer and Company, In. '' 
International Banking: A Capital Markets Perspective ' 
Discussants: JACK M. GUTTENTAG, University of Pennsylvania 
HELEN B. JUNZ, International Monetary Fund 


8:00 A.M. ECONOMIC AND BUSINESS OUTLOOK (Joint Session with the National Association of Business Economists) 
Presiding: DONALD H. STRASZHEIM, Wharton Econometric Forecasting Associates 
Papers: KEVIN R. KELLY, U.S. Bancorp 
Consumer Spending Ee. p 
Lynn O. MicnaELIS, Weyerhaeuser Company” EE ; 
` The Housing Outlook . 
DUANE A. PAUL, Bank of America 
Plant and Equipment Spending à 
T Discussants: DOUGLAS B. ATKINSON, PPG Industries, Tic. 
S. a James F. SMITH, Union Carbide Corporation 
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8:00 A.M. MARKET IMPACTS OF HEALTH INSURANCE PAYMENTS MECHANISMS (Joint Session with the Health 
Economics Research Organization) 
Presiding: BRYAN LUCE, Health Care Financing Administration, DHHS ~ 
Papers: AGNES Rupp, DONALD STEINWACHS, AND DAVID SALKEVER, The Johns Hopkins University 
The Effect of Hospital Payment Methods on the Pattern and Cost of Mental Care 
DONALD E. YETT, University of Southern California, WILLIAM Der, TransAmerica Corporation, 
RICHARD L. Ernst, University of Southern California, AND JoeL W. Hay, University of Connecti- 
cut Health Center 
Fee Screen Reimbursement and Physician Fee Inflation 
RONALD J. VOGEL, University of Arizona 
On Health Cost Containment: An Analysis of Structural Incentives in General, and of the Arizona 
Health Care Cost Containment System in Particular 
Discussants: J. MICHAEL FITZMAURICE, Health Care Financing Administration, DHHS 
KATHLEEN ADAMS, American Medical Association 
HAROLD S. Lurr, University. of California-San Francisco 


8:00 A.M. Limits TO GROWTH: WHAT HAVE WE LEARNED? (Joint Session with the Association of Environmental 
and Resource Economists, and the American Association for the Advancement of Science) 
Presiding: ROBERT S, PINDYCK, Massachusetts Institute of Technology 
Panel: WILLIAM NORDHAUS, Yale University 
THOMAS C. SCHELLING, Harvard University 
HERMAN DALY, Louisiana State University 
JULIAN SIMON, University of Illinois 


8:00 A.M. MODELING RESOURCE SuPPLY (Joint Session with the Association of Environmental and Resource 
Economists) 
Presiding: ANTHONY C. FISHER, University of California-Berkeley 
Papers: BRIAN J, SKINNER, Yale University 
Estimation and Uses of Copper Resources: Geological Basis 
TJALLING C. Koopmans, Yale University 
Estimation and Uses of Copper Resources: Long-Range Projections of Production and Uses 
MARTIN B. ZIMMERMAN, University of Michigan 
Models of Mineral Supply and Measures of Scarcity - ` 
Discussants: DEVERELE HARRIS, University of Arizona 
(Others to be announced) 


10:15 A.M. A DECADE OF GREATER VARIABILITY IN EXCHANGE RATES: AN ASSESSMENT" 
Presiding: RALPH C. BRYANT, The Brookings Institution 
Papers: MARINA V.N. WHITMAN, General Motors Corporation 
A Perspective on the Behavior of Firms and Financial Intermediaries 
JEFFREY R. SHAFER, Federal Reserve Bank of New York 
Macroeconomic Policies and Domestic Economic Performance 
VAL KOROMZAY, JOHN LLEWELLYN, AND STEPHEN POTTER, Organization for Economic Cooper- 
ation and Development 
Exchange Rates and Policy Choices: Lessons from Interdependence i in a Multilateral Perspective 
Discussants: PAUL ARMINGTON, Armington Wolford and Associates 
JACOB A. FRENKEL, University of Chicago 
ANDREW D. CROCKETT, International Monetary Fund 


10:15 A.M. Tax POLICY: A FURTHER Look AT SUPPLY-SIDE EFFECTS* 
Presiding: RUDOLPH G. PENNER, The American Enterprise Institute 
Papers: CHARLES R. HULTEN, The Urban Institute 
Tax Policy and the Investment Decision 
JERRY A. HAUSMAN, Massachusetts Institute of Technology 
Tax Policy and Labor Supply 
LAWRENCE H. SUMMERS, Massachusetts Institute of Technology 
Tax Policy and the Savings Decision 
Discussants: ROGER GORDON, Bell Laboratories 
MARK KILLINGSWORTH, Rutgers University i 
Puitip Howrey, University of Michigan - ‘ 7 
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10:15 A.M. ‘ REFLECTIONS ON THE CURRENT STATE OF MACRO ECONOMIC THEORY* ^ ^ 
Presiding: PAUL MCCRACKEN, University of Michigan 
Papers: GEORGE PERRY, The Brookings Institution 
(Title to be announced) .- 
THOMAS SARGENT, University of Minnesota 
(Title to be announced) j 
Discussants: ROBERT J. BARRO, University of Chicago 
ALAN BLINDER, Princeton University 
ROBERT E. HALL, Hoover Institution 
WILLIAM NORDHAUS, Yale University . 


ta 


10:15 A.M. THEORETICAL ASPECTS OF PUBLIC EXPENDITURES AND PUBLIC CHOICE 
5 Presiding: BRYAN ELLICKSON, University of California-Los Angeles .. 
Papers: MARTIN C. McGuire, University of Maryland . : 
Jurisdictional Equilibrium, Group Heterogeneity, and Discriminatory Taxation ^ 
PETER J. COUGHLIN, University of Maryland, AND. MELVIN.J. HINICH, University of Texas-Austin 
Necessary and. Sufficient Conditions: for- ee in Public Economic Models 
* VIRGINIA WILCOX-GÓK, University of Florida bre ; . 
Vp Gea] : Price-Excludable;Public Goods and the Core. | . ^ - TA 
Hrsorout SHIBATA, Osaka University - 
Economics of Representative Democracy. - .. Bes ‘ 
Discussants: MYRNA WOODERS, University of: Toronto , P wA cM epa. 
RADU FILIMON, Tulane University . as ‘ 


10:15 A.M. UNEMPLOYMENT, YOUTH, AND CRIME -- vam 
Presiding: RAY MARSHALL, Unversity of Texas-Austin 
Papers: W. Kip Viscusi, Duke University , . 
' - Crime as an‘Alternativé Income Source ` -` "a ume c XN uh 
CHARLES MALLAR, Mathematica Policy Research, IRvING PILIAVIN, University "of Wisconsin-Madi- 
son, AND CRAIG THORNTON, Mathematica’ Policy Research 
The Perceived Benefits and Costs of Crime and their Effects on Subsequent Criminal Activity 
RICHARD M. McGatey, New York University 
Youth Crime and Youth Employment Programs in a Chariging Urban Economy 
GEORGE LOEWENSTEIN, AND JAMES CATALDO, Vera Institute of Justice: s 
i i ' Labor Market and Criminal Activities of Inner-City Youths ` — 
Discussants; ROBERT TAGGART, Remediation and Training Institute á i 
PrrLiP Cook, Duke University - id 


D 


ads 


10:15 A.M. COMPENSATION AND EMPLOYMENT DISCRIMINATION: SOME EMPIRICAL FINDINGS.. 
Presiding: MARIANNE A. FERBER, University of Illinois-Urbana 
Papers: DAVID MCCARTHY AND JOHN A. TURNER, U.S. Department of Labor 
» Wage Comparisons Over Time and Race/Gender. Differences in Pension Benefits E 
TIMOTHY HANNAN, Arizona State University AND ORLEY C. ASHENFELTER, Princeton. University 
Sex Discrimination and Market Concentration: The Case: of the Banking Industry, 
Tuomas F. D'AMICO; St. Peter's College- 
- The Earnings Effects of Racial Discrimination. Within and Beyond Labor Market Boundaries 
Discussants: KENNETH J., ARROW, Stanford University. ` ry Sager ; : 
FRANCINE D. BLAU, University of Illinois-Urbana . 
WILLIAM A. Daum TR., atid of North Carolina- Chapel Hin 


10:15 A.M. ECONOMIC POLICY OPTIONS OF SuccnsstoN LsApsxs IN Cosneeniét Couvruss Gol Session with the 
Association for Comparative Economic Studies) i : 
‘Presiding: MARSHALL I. GOLDMAN, Wellesley: College ' 
Papers: ZBIGNIEW N. FALLENBUCHL, University of Windsor 
. Poland After Gierek 
DwiGHT PERKINS, Harvard University 
China After Mao A 
Laura D'ANDREA TYSON, University of Californiia-Berkeley 
Yugoslavia‘After Tito- 
MARSHALL GOLDMAN, Wellesley College i : 
The Soviet Union After Brezhnev BOE RU EO 
Discussant: JOHN P. HARDT, Congressional Research Service " ^" 5c 
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10:15 A.M. MARXIAN ECONOMICS AND THE ECONOMICS OF KARL MARX (Joint Session with the History of Economics 
Society) T-— 
Presiding: MARTIN BRONFENBRENNER, Duke University 
Papers: Jonn E. ELLIOT, University of Southern California 
Marx on Interconnections Between Alienation and Exploitation 
SAMUEL HOLLANDER, University of Toronto 
Marx and Malthusianism: Marx's Secular Path of Wages 
Joun E. Roemer, University of California-Davis 
On Exploitation and Domination 
Discussants: MARTIN BRONFENBRENNER, Duke University 
Murray WOLFSON, Oregon State University 


10:15 AM. POLICY ISSUES ON THE ROLE AND DEVELOPMENT OF SMALL AND MINORITY BUSINESS (Joint Session with 
the National Economic Association) ' 
Presiding: GAVIN. M. CHEN, U.S. Department of Commerce 
Papers: DAVID SWINTON AND JOHN HANDY, Clark College 
The Determinants of the Rate of Growth of Black-Owned Businesses 
FarrH H. ANDO, JACA Corporation, AND Rosin C. SICKLES, University of Pennsylvania 
The Determinants of Growth and Failure Rates for Minority-Owned and Non-Minority-Owned 
Firms 
RICHARD STEVENS, U.S. Department of Commerce 
Measuring Minority Business Formations and Failures 
Discussants: LUCY REUBEN, Duke University and Federal Reserve Board 
EARL HAMILTON, Federal Reserve Board 
GAVIN M. CHEN, U.S. Department of Commerce. . 


10:15 A.M. DEREGULATION AND CHANGES IN THE FINANCIAL SERVICES INDUSTRY (Joint Session with the American 
Finance Association). 
Presiding: GEORGE G. KAUFMAN, Loyola University of Chicago . 
Papers: EDWARD J. KANE, Ohio State University 
Regulation, Deregulation, and Banking 
Tim S. CAMPBELL, University of Southern California 
Implications of Deregulation for Deposit Insurance . 
GEORGE G. KAUFMAN, Loyola University of Chicago, Larry R. MOTE, AND. HARVEY ROSENBLUM, 
Federal Reserve Bank of Chicago 
The Future of Commercial Banks in a Deregulated Environment 
Discussants: DAVID S. KIDWELL, University of Tennessee ~ 
PAUL M. Horvitz, University of Houston 
ROBERT A. EISENBEIS, University of North Carolina 


10:15 A.M. INFLATION, RETIREMENT PROGRAMS, AND INTERGENERATION TRANSFERS: NEW RESEARCH ON THE 
DISTRIBUTION OF INCOME 
Presiding: NANCY M. GORDON, Congressional Budget Office 
Papers: ROBERT L. CLARK AND DANIEL A. SUMNER, North Carolina State University 
Inflation and the Real Incomes of the Elderly: Recent Evidence and Expectations for the Future 
DoNALD COX AND FREDRIC RAINES, Washington University-St. Louis 
Intergenerational Income Redistribution: A Cross-Sectional Perspective 
EDWARD N. Wo fF; New York University 
: The Distributional Effects of Social Security and Pension Wealth 
Discussants: OLIVIA MITCHELL, Cornell University 
-CORDELIA REIMERS, Hunter College 
EMILY ANDREWS, Social See Adminstration 


10:15 A.M. SOCIAL SECURITY RIFT: SHIFTS IN THE PENSION AND WELFARE COMPONENTS (Joint Session with the 
Association for the Study of the Grants Economy) 
Presiding: ROBERT H. HAVEMAN, University of Wisconsin-Madison . . 
Papers: ARCHIE J. NICHOLS AND MARILYN K. SPENCER, Butler University 
Federal Largess with Your Trust Fund 
KATHLEEN K. SCHOLL, USDA Family Economic Research Group 
Farm Families: Inequities in their Social Security Program 
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DANIEL R. FUSFELD, University of Michigan _ 
Redistribution to the Poor and to the Rich via Social Insurance 
Discussants: KENNETH E. BOULDING, University of Colorado ` 
PETER S. ELEK, Villanova University 
HowaRD P. TUCKMAN, Memphis State University 


12:30 P.M. LUNCHEON IN HONOR OF NOBEL LAUREATE GEORGE J. STIGLER : 
Presiding: W. ARTHUR LEWIS, Princeton University 
Speaker: GARY S. BECKER, University of Chicago 


2:15 P.M. MICROECONOMICS OF INNOVATION AND PRODUCTIVITY GROWTH* 
Presiding: ROGER G. NOLL, California Institute of Technology 
Papers: JENNIFER REINGANUM, California Institute of Technology 
Practical Implications of Microtheoretic Models of R&D 
M. THERESE FLAHERTY, Harvard University 
Market Share, Technology Leadership, and Competition in the International Semiconductor 
- Industry 
FRANK LICHTENBERG, Columbia University ' 
The Effect of Federal Contract Research on Company Financed Research 
Discussants: GLENN LoURY, Harvard University’ 
RICHARD LEVIN, Yale University _ 
Tom LEE, University of California-San Diego 


2:15 P.M. LIMITS TO GROWTH: RESOURCES, PRODUCTIVITY, AND SOCIAL ASPECTS (Joint Session with the American 
; Association for the Advancement of Science and the Association of Environmental and Resource 
Economists)* . 
Presiding: ROGER BOLTON, Williams College x 
Papers: KENNETH BOULDING, University of Colorado : 
Sources of Reasonable Hope for the Future 
V. Kerry SMITH, Vanderbilt University, AND JOHN KRUTILLA, Resources. for the Future 
- Resource and Environmental Constraints to Growth 
MARTIN, N. BAILY, The Brookings Institution 
Will Productivity Growth Recover? 
Discussants: ROBERT PINDYCK, Massachusetts Institute of Technology 
JoHN HOLDREN, University of California-Berkeley 


Z 15 P.M. THE DETERMINANTS OF INTEREST RATES: OLD CONTROVERSIES REOPENED* 
Presiding: EDWARD J. KANE, Ohio State University 
Papers: ROBERT J. SHILLER AND JOHN CAMPBELL, Yale University 
Risk Premia and the Term Structure of Interest Rates 
V. VANCE ROLEY, University of Washington - . . 
Unanticipated Money and Interest Rates ‘ 
ALBERT K. ANDO, University of Pennsylvania .  . 
Interaction Between Fiscal and Monetary Policy and the Real Rate of Interest 
Discussants: EDWARD J. KANE, Ohio State University . 
FREDERIC S. MISHKIN, University of Chicago 
CARL E. WALSH, Princeton University 


2:15 P.M. SEX ROLES IN ECONOMIC LIFE f 7 
Presiding: CORDELIA W. REIMERS, Hunter College Wu 
Papers: SHIRLEY P. BURGGRAF, Florida A&M University 

“Womenyouthandminorities” and the Case of the Missing Productivity 
Patricia N. PANDO, Houston Baptist University ' 

Cloudy Days in the Sunbelt: Women and Regional Economic Conditions 
MARIANNE A. FERBER AND JOE L. SPAETH, University of Illinois ` 

Gender Inequality in the Workplace 
CAROL C. FETHKE, University of Iowa j 

An Economic Model of Asset Division in the Dissolution of dco d 

Discussants; MARCIA FREEDMAN, Columbia University.. . 

FRANCINE D. BLAU, University of Illinois: 
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2:15 P.M. SOCIAL EXPERIMENTATION: A TEN-YEAR RETROSPECTIVE 
Presiding: ALICE M. RIVLIN, The Brookings Institution 
Papers: DAVID H. GREENBERG, University of Maryland-Baltimore, A AND Pun K. ROBINS, University 
of Miami : 
New Goals for Social Experiments i 
JosEPH R. NEWHOUSE, The Rand Corporation 
Reflections on Managing the Health Tüsürance Experiment j 
Larry L. Orr, Abt Associates . 5e ig Peut 
` The Use of Experimental Methods to Evàluate UEN Projects ` 
Discussants: EDWARD M. GRAMLICH, University of Michigan . `> ¢ © 
THOMAS GLENNAN, The Rand Corporation 
ORLEY ASHENFELTER, Princeton University 


2:15 P.M. CLOSURE OF THE STRUCTURAL Dericir (Joint Session with the National Tax Association) 
' Presiding: PATRIC H.- HENDERSHOTT, Ohio State University and National, Bureau of Economic 
© Research 
. „ Papers: FRANK DE,LEEUW AND. THOMAS. M. HOLLOWAY, U. s. Depariment of Commerce 
i^ Thé Growth in the Noncyclical Deficit es 
HARVEY GALPER, The Brookings Institution i PECORE 
Tax Policy to Close the Structural Deficit T 
"RICHARD MUSGRÁAVE, University of California-Santa Cru 
Revenue Needs: A Chance for Reform 3 
Discussants: GREGORY BALLENTINE, U.S. Department of the. Treasury : 
MICHAEL BOSKIN, Stanford University and National Bureau of Economic Research 
DAVID BRADFORD, Princeton vanes and anions Bureau of Economic Research 
2: 15 PM. ' : PRODUCTIVITY. MEASUREMENT IN: DISEQUILIBRIUM: - ' ME aS s TEG 
Presiding: BERT G. HICKMAN, Stanford ire E" 
Papers: BEN BERNANKE, Stanford University : S5 IMS NS 
Labor Productivity Over the Business Cycle" E: TE 
CHARLES R. HULTEN, The Urban Institute and Bureau of Labor Statistics- 
" Short-Run and Long-Run Cost Functions and the Measurement of Efficiency Change 
“CATHERINE J. MORRISON, Tufts University M Qi 
Productivity Measurement in Temporary Equilibrium with Nonstatic Expectations 
J. R. NORSWORTHY, Bureau of the Census . 
Effects of Changing Attitudes of: Workers on Production Costs: An Empirical E Examination 
Discussants: DANIEL MCFADDEN, Massachusetts Institute of Technology : 
FRANK BRECHLING, University of Maryland 


2:15 P.M. ECONOMICS OF THE CURRENT ACCOUNT i A 
Presiding: ROGER M. KUBARYCH, Federal Reserve’ Bink of New York 
.Papers: JEFFREY SACHS, Harvard. University ' : 

Current Account Adjustments and the Developing Countries. 
Lars E. O. SVENSSON, University of Stockholm 
The Terms of Trade and the Current Account ` 
SHAFIQUL ISLAM, Federal Reserve Bank of New York, AND Swit v VAN WIJNBERGEN, The World 
Bank: : 
Current Acorns Adjastméstol in Major Industrial Countries i 
Discussants: JONATHAN EATON, Yale University — ^ 
JORGE BRAGA DE MACEDO, Princeton University ~ 
Dare W. HENDERSON, Federal Reserve Board 


2:15 P.M. THE STATE OF ECONOMIC JOURNALISM , '., 2 "u ^. 
Presiding: LEONARD SILK, The New. York Times : ora 
Panel: DEAN CRAUFURD GOODWIN, Duke University . 
ALICIA MUNNELL, Federal Reserve Bank of Boston, 
RICHARD JANSSEN, Business Week . , n. 
DaviD WansH, The Boston Globe | T E 
2:15 P.M. SAVINGS, PRODUCTIVITY AND GROWTH: ASIAN COUNTRIES 
Presiding: LAWRENCE R. KLEIN, University of Pennsylvania . 
Papers: KAzUO SATO, State University of. New York-Buffalo P 
Savings, Investment, and Productivity Growth::A. Comparative Analysis of the United States and 
Japan 
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ANDREW MASON, East-West Population Institute at Hawaii 
Population Growth, Economic Growth, and Saving: A Comparison of Asian Countries and the 
United States 

JaNG H. Yoo, Virginia Commonwealth University 
Does Korea Trace Japan's Footsteps? A Macroeconomic - Appraisal ; 

Discussants: K. YAMAMURA, University of Washington : - f 
-Ricar F. Kososup; University of Illinois at Chicago Circle 
VINCENT Su, Baruch College, City University of New York 


2:15 P.M. CLASSICAL AND NEOCLASSICAL MONETARY Economics Goint Session with the Histor of Economics 
Society) 
Presiding: CHARLES F. PEAKE, University ot Marjland . 
Papers: ARIEH ARNON, Technion-Israel 
Free Trade vs. Central Banking: The Real Bills Doctrine from HS to Rejection 
MICHAEL D. BOoRDO, University of South Carolina-Columbia i 
The Gold Standard: The Traditional ‘Approach ' 
Tuomas F. Komeas, Iowa State University 
Walrasian and Classical Monetary Theory Reconsidered 
Discussants: CHARLES F. PEAKE, University of Maryland 
MILTON FRIEDMAN, Hoover Institution: 


2:15 P.M. GANDHIAN ECONOMICS: THE Gai AND EXCHANGE INTERACTIONS (Joint Session with the Association 
for the Study of the Grants Econonty and-the Association of Indian Economic Studies) 
Presiding: ABRAM BERGSON, Harvard University 
Papers; ROMESH Diwan, Rensselaer Polytechnic Institute’ 
Gandhian Economics and the Conventional Income Distribution Models 
SUSHILA J. GIDWANI, Manhattan College . 
` Gandhian Economics and the Conventional Labor Economics " 
Janos Horvata, Butler University 
Searching for the Optimal Production Scale: Some Food Supply Data 
Discussants: PAUL JONAS, University of ‘New Mexico * 
ROBERT A. SOLO, Michigan State University 


2:15 P.M. INDUSTRY STRUCTURE AND STRATEGIC BEHAVIOR 
Presiding: RICHARD SCHMALENSEE, Massachusetts Institute of Technology 
Papers: WILLIAM P. HALL, U.S. Department of Justice 
The Effects of the Learning Curve on Strategic Firm Behavior and Economic Performance 
JEFFREY BALDANI, Colgate University ` 
Advertising and Credible Entry Deterrence: A General Theory 
M. ANISUL ISLAM, University of Alberta 
Monopoly and Competition in the Real Estate Brokerage Industry in Canada " 
Discussants; DREW FUDENBERG, University of California- -Berkeley 
GARTH SALONER, Massachusetts Institute of Technology . ' 
TOMOTHY BRESNAHAN, Stanford University: 


2:15 P.M, JOHN R. COMMONS AWARD LECTURE (Joint Session with Discs Delta Epsilon) 
me ge Presiding: ALAN A. BROWN, University of Windsor ° 
Paper: DALE W. JORGENSON, Harvard University 
Is Welfare Economics Impossible? : 


4:30 P.M. KEYNES, SCHUMPETER, MARX CENTENARY SESSION* 
Presiding: KENNETH J. ARROW, Stanford University 
Papers: DON PATINKIN, The Hebrew University of Jerusalem 
. Keynes - 
HERBERT GIERSCH, "University of Kiel : : 
Schumpeter 
JoHN GURLEY, Stanford University 
Marx 


8:00 P.M. PRESIDENTIAL ADDRESS 
Presiding: Moses ABRAMOVITZ, Stanford University 
Speaker: W. ARTHUR LEWIS, Princeton University 


9:30 P.M. BUSINESS MEETING " Dole 
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8:00 A.M. EVIDENCE ON THE FORMATION OF EXPECTATIONS 
Presiding: MICHAEL DARBY, University of California-Los Angeles 
Papers: COLIN CAMERER, Northwestern University : 
Rational Price Bubbles in Experimental Markets . 
GERALD CARLINO AND ROBERT DeFina, Federal Reserve Bank of i 
Inflationary Expectations and the Consumer 
RAYMOND P. H. Fisue, University of Miami 
Cross-Sectional Evidence on Differential Price Expectations 
Discussants: DAVID M. GRETHER, California Insititute of Technology 
STEPHEN FIGLEWSKI, New York University 
DONALD J. MULLINEAUX, Federal Reserve Bank of Fügen 


8:00 A.M. CURRENT RESEARCH ON ACADEMIC LABOR MARKETS 
Presiding: HOWARD P. TUCKMAN, Memphis State University 
Papers: WILLIAM E. BECKER, Indiana University 
Preselection Pools and the Quality of Economists 
JOHN MINTER, John Minter and Associates 
Trends in Faculty Earnings and Departmental Conditions in Economics and Related Disciplines 
Howarp P. TUCKMAN AND CYRIL CHANG, Memphis State University 
Own-Price and Cross-Elasticity. of Demand for College Faculty 
Discussants: PETER B. MEYER, Pennsylyania State University 
HoWARD BOWEN, Claremont College 
DARRELL R. LEWIS, University of Minnesota 
CHARLES WALDAUER, Widener University 


8:00 A.M, INDUSTRIAL FLUCTUATIONS AND STRUCTURAL SHIFTS: MODELS OF SCHUMPETER’ S PROCESS OF CREATIVE ` 
DESTRUCTION 
Presiding: ASIM ERDILEK, National Science Foundation 
Papers: GERHARD O. MENSCH, Case Western Reserve University 
The Bi-Equilibrium Approach to Cyclical and Structurai Changes in Production, Prices, and 
Strategic Investments 
WOLFGANG WEIDLICH, Stuttgart University 
The Decomposition of Short and Long Motions: The Alternator-Coordinator Model of Industrial 
Fluctuation 
HERMAN O. WoLp, Uppsala University and University de Geneve 
Soft Modeling Analysis of the Extended Accelerator Theory of Bias Shifts i in Strategic Investment 
1950-81 
Discussants: NGUYEN T. QUAN, Case Western Reserve University 
WERNER GERSTENBERGER, The IFO Institute, Munich 


8:00 A.M. SOME DETERMINANTS OF THE EFFECTIVENESS OF MONETARY AND FISCAL POLICY 
Presiding: THOMAS MAYER, University of California-Davis 
Papers: DENNIS HOFFMAN AND DON SCHLAGENHAUF, Arizona State University 
Real Interest Rates, Anticipated Inflation and Unanticipated Money: A Multi-Country Study 
JAMES GAPINSKI, Florida State University 
Capital Malleability, Macro Performance, and Policy Effectiveness 2 
CHARLES ENGEL, University of Virginia 
Reliability of Policy Announcements and the Effects of Monetary Policy 
Discussants: THOMAS CARGILL, University of Nevada 
BERNARD SAFFRAN, Swarthmore College — . 
STEVEN SHEFFRIN, University of California-Davis 


8:00 A.M. SOME DYNAMICS OF CHANGES IN THE SIZE AND COMPOSITION OF PUBLIC EXPENDITURES 
Presiding: ROBERT W. HARTMAN, Congressional Budget Office 
Papers: SHAWNA GROSSKOPF, Southern Illinois University, AND KATHY Hayes, Northern Illinois 
University 
The Fiscal Impact of State Mandates and Municipal Pension Reform 
RANDALL S. BROWN, EDWARD S. Cavin, Mathematica Policy Research, AND RICHARD J. 
MURNANE, Yale University 
The Cost Consequences of Declining Enrollments in Public Schools 
Morris BECK, Rutgers University 
Theory and Evidence on Public Sector Growth 
PAUL N. VAN DE WATER AND KATHY A. RUFFING, Congressional Budget Office 
Federal Debt and Interest Costs 
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Discussants: HELEN F. LADD, Harvard University 
Eric HANUSHEK, University of Rochester 
DARWIN G. JOHNSON, Office of Management and Budget 


8:00 A.M. POLICIES TO CHANGE LABOR MARKET OUTCOMES 
Presiding: CLAIR BROWN, University of California-Berkeley 
Papers; DEBORAH DENNO, University of Pennsylvania 
Early Socioeconomic and Developmental Effects on IQ and Achievement: New Evidence 
WERNER SCHINK, DAVID STERN, AND DEAN TIBBS, University of California-Berkeley 
Protecting Specific Human Capital in a Recession: The California Work-Sharing Program 
MAHMOOD A. ZAIDI, University of Minnesota 
Incomes Policies: A Comparative Study of Australia, Canada, and the United States 
Discussants: MYRA STROBER, Stanford University 
SEAN FLAHERTY, Franklin and Marshall College 
DANIEL MITCHELL, University of California-Los Angeles 


. 8:00 A.M; Economic DEVELOPMENT, ECONOMIC EFFICIENCY: ASIAN COUNTRIES 
Presiding: MANORANJAN DUTTA, Rutgers University 
Papers: ANTHONY M. TANG, CuirF J. HUANG, Vanderbilt University, AND FAQIR S. BAGI, Tennessee 
State University ; 
Two Views of Efficiency in Indian Agriculture . 
RICHARD GRABOWSKI, DAVID SIVAN, AND RONALD L. TRACY, Southern Illinois University 
Technical Change in Taiwanese Agriculture 
ANINDYA DATTA, Plymouth State College-New Hampshire 
Lewis Model and Development Experience: With Special Reference To India 
Discussants: PAN A. YOTOPOULOS, Stanford University 
YrEn-I Tu, University of Arkansas . 
WALTER C. NEALE, University of Tennessee - 


8:00 A.M. OUTLOOK FOR FINANCIAL MARKETS (Joint Session with the National Association of Business Economists) 
Presiding: A. NICHOLAS FILIPPELLO, Monsanto Company: 
Papers: JOHN PAULUS, Morgan Stanley, Inc. 
Outlook for Interest Rates and Monetary Policy 
RICHARD D. RiPPz, Dean Witter Reynolds, Inc. 
Prospects for Corporate Profits 
EDMOND D. VILLANI, Scudder, Stevens and Clark 
Environment for the Stock Market 
Discussants: BEN E. LADEN, T. Rowe Price Associates, Inc. 
THOMAS D. THOMSON, Crocker National Bank 


8:00 A.M. NEW PROSPECTIVES ON THE OPERATION OF HOUSING MARKETS. (Joint Session with the American Real 
Estate and Urban Economics Association) 
Presiding: DANIEL L. MCFADDEN, Massachusetts Institute of Technology 
Papers: KENNETH ROSEN, University of California-Berkeley, AND HARVEY ROSEN, Princeton 
University 
Housing Tenure, Uncertainty, and Taxation 
AXEL BOERSCH-SUPAN, Massachusetts Institute of Technology 
Household Formation and Housing Demand 
Ray STRUYK, The Urban Institute 
Exploring Housing Market Behavior with a Simulation Model 
Discussants: KONRAD STAHL, University of Dortmund 
JoeL Horowitz, University of Iowa 
- DANIEL MCFADDEN, Massachusetts Institute of Technology 


8:00 A.M. NEW DIRECTIONS IN MANAGERIAL ECONOMICS 
Presiding: MARK HIRSCHEY, University of Wisconsin-Madison 
Papers; RICHARD P. RUMELT, University of California-Los Angeles 
A Model of the Entrepreneurial Firm : 
KEITH B. LEFFLER, University of Washington 
The Effects of Entry on Product Prices 
B. PETER PASHIGIAN, University of Chicago 
The Effect of Environmental Regulations on Optimal Plant Size and Returns to Capital 
Discussants: VICTOR P. GOLDBERG, Northwestern University 
LYNN PARINGER, California State University-Hayward 
MARTIN B. ZIMMERMAN, University of Michigan 
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8:00 A.M. ECONOMIC DISCONTINUITIES: POLICY RESPONSE AND INCOME TRANSFERS (Joint Session with the 
Association for the Study of the Grants Economy) 
Presiding: WALTER ADAMS, Michigan State University 
Papers: RICHARD K. BARTEL, Challenge Magazine -> 
Economic Discontinuities in the 1970s: The Oil Crisis and Policy Response 
RONALD MÜLLER, American University _ totu 
Economic Discontinuity and Forecasting 
- HAROLD F. BREIMYER, University of Missouri-Columbia 
' US. Agricultural Policy and Economic Discontinuity 
RICHARD S. DALE, The Brookings Institution . 
International Banking Innovations and Market Behavior 
Discussant: LLoYD D: ORR, Indiana University ; 


8:00 A.M. FUTURE DIRECTIONS FOR U.S. FOOD, AGRICULTURAL, AND TRADE POLIcy (oint Session with the 
American Agricultural Economics Association) 
Presiding: WILLIAM H. MEYERS, Iowa State University 
‘Papers: BRUCE BULLOCK, University of Missouri-Columbia 
Future Directions for Agricultural Policy 
* — BRUCE F. HALL; Cornell University 
Future Directions for Food Policy 
C. EDWARD ScHUH, University of Minnesota : 
Future Directions for Food and Agricultural Trade 
Discussants: WILLIAM D. Dosson, Purdue University 
_ DALE HEIEN, University of California-Davis 
TiMOTHY E. JOSLING, Stanford University 


10:15 A.M. INSTITUTIONAL CHANGES AND THE BEHAVIOR OF INTEREST RATES ` 
Presiding: BRUCE. SMITH, Federal Reserve Bank of Minneapolis 
Papers: LORETO PETER ALONZI, Loyola University of Chicago . 
`» + Financial Futures, Macroequilibrium, and the Potency of Monetary Policy 
* HEYDAR POURIAN, University-of Missouri-St. Louis 
Banking Legislation and the Interest Rate Puzzles of 1330s and 1980s 
ELINOR H. SoLoMoN, U.S. Department of Justice 
Business Loan Rate Conventions and Inflexibilities: A New Look at' the Keynesian Full Employ- 
ment Dilemma 
Discussants: STEPHEN LEROY, University of California-Santa Barbara 
. Davip Mopest, Columbia University 
Scorr ULMAN, University of Minnesota 


b 15 a.m. LAW AND ECONOMICS: COMPENSATION OF OCCUPATIONAL DISEASE 
Presiding: FRANCINE F. RABINOVITZ, University of Southern California 
Papers: LESLIE I. BODEN AND CAROL A. JONES, Harvard School of Püblic Health 
Product Liability Litigation and Workers’ Compensation for Asbestos- Related Disease 
PATRICIA MUNCH DANZON, Hoover Institution 
The Role of Government in Liability Insurance Markets 
RICHARD VICTOR, The Rand Corporation 
Workers’ Compensation, Experience Rating, and Workplace Safety 
' Discussants: FRANCINE F. RABINOVITZ, University of Southern California 
MICHELLE J. WHITE, New York University Graduate School of Business 


THOMAS BROWN, U.S. Department of Labor 


10:15 A.M. EFFICIENCY AND TECHNOLOGICAL PROGRESS IN THE SOVIET UNION 
Presiding: STEVEN ROSEFIELDE, University of North Carolina 
Papers: KNOX LOVELL, University of North Carolina 

Soviet Enterprise Efficiency: Level and Rate of Improvement 
JUDITH THORNTON, University of Washington 
The Soviet Response to Changing Fuel Cost 
YASUSHI Topa, University of Florida 
Causes of Soviet Growth Retardation: An Piani Assessment 
Discussants: ABRAM BERGSON, Harvard University 
GREGORY GROSSMAN, University of California-Berkeley 
Joun Moore, Hoover Institution ` 
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10:15 A.M. BENEFIT-COST ANALYSIS: THEORY AND MEASUREMENT... 
Presiding: R. CHARLES VARS, JR., Oregon State University. 
Papers: GLENN BLOMQUIST, University of Kentucky: . 

Measuring the Benefits of Public Goods Provision Using Implicit and Contingent Markets 
PAULINE.M. IPPOLITO, Federal Trade Commission, AND. RICHARD A. IPPOLITO, .U.S. Department of 
Labor 

Measuring the Value of Life from Consumer Reactions to New Information 
Fairs H. ANDO, JACA Corporation . 

Idled Resources and ‘the Benefit-Cost Calculus: "Aerosol Uses of Chlorofluorocarbons 

Discussants: W. DOUGLAS MORGAN, University of. California-Santa Barbara. 
Bryan C. CONLEY, Bryan Conley Forensic Consulting 
HERMAN C. QUIRMBACH, The Rand Corporation 


10:15 A.M. ECONOMIC POLICY RESPONSES TO BALANCE OF PAYMENTS AND DEBT CRISES (Joint Session with the 
Association for Comparative Economic Studies) — 
Presiding: LAWRENCE W. BRAINARD, Bankers Trust 
Papers: EDWARD A. HEWETT, The Brookings Institution 
Eastern Europe ES . 
THOMAS J. TREBAT, Bankers Trust 
. Latin America . 
(To be announced) . f a i i "ES AMEND 
Asia . E e og 
Discussants: H. Rosert HELLER, Bank of America — . ES 
ANNE O. KRUEGER, The World Bank A Mu 
10:15 A.M. VALUE THEORY IN Economics (Joint Session with the Association, for Evolutionary Economics) 
Presiding: WALTER C. NEALE, University of Tennessee 
Papers: LEWIS E. HILL AND DONALD OWEN, Texas Tech University . 
The Instrumental Philosophy of Economic History ; and the Institutionalist s Theory of Normative 
Value Bay ae . 
‘Jerry L. Petr, University of Nebraska 
An Assault on the Citadel: Is a Constructive Synthesis Feasible? 
ANTHONY SCAPERLANDA, Northern Illinois University 
Institutionalist and Religious Values in Economic Policy Formation 
JAMES I. STURGEON, University of Missouri-Kansas City. 
Induction and Instrumentalism in Institutional Thought 
Discussants: WENDELL GORDON, University of Texas 
Manc R. TooL, California State University- Serra 


10:15 A.M; DETERMINANTS OF HEALTH STATUS (oint Session with the Health Economics Research Organization) 
Presiding: PAUL J. TAUBMAN, University of Pennsylvania 
Papers: HARRIET DULEEP,-Social Security Administration 
Socioeconomic Status and Mortality ` ; 
E: VIRGINIA L. WiLCOX-GÓK, University of Florida . 
d A Variance Components Model of.Health Determination 
BARBARA WOLFE AND ROBERT HAVEMAN, Variety of Wisconsin-Madison 
Work Behavior and Health, Status 
Discussants: MARK R. ROSENZWEIG, University of Minnesota 
JoEL W..Hav, University of Connecticut Health Center . 
MAUREEN CROPPER, University of Maryland . 


10:15 A.M. PARTICIPATORY AND LABOR MANAGED FiRMS DEA hk 
: Presiding: DEREK C. Jones, Hamilton College - 
Papers: LAURA D'ANDREA TYSON AND SHERMAN ROBINSON, "University of California-Berkeley 
The Macroeconomic Situation in Yugoslavia and the Behavior of the Self-Managed Firm 
Jonn P. Bonin, Wesleyan University 
Membership and Employment in an Egalitarian Cooperative 
JAN SvEINAR, Cornell University, AND DEREK JONES, Hamilton College 
The Effects of Participation on Performance in Worker Cooperatives 
Discussants: HAJIME MIYAZAKI, Stanford University : 
Louis PUTTERMAN, Brown University 
STEPHEN SACKS, University of Connecticut 


866 RC THE AMERICAN ECONOMIC REVIEW f SEPTEMBER 1983 


“10:15 A.M. SIMULATING THE MARCE EFFECTS OF ENERGY SHOCKS: A COMPARATIVE MODEL ANALYSIS BY 
THE STANFORD ENERGY MODELING FORUM xo 
Presiding: ROBERT M. Coen, Northwestern University ' 
Papers: HILLARD G. HUNTINGTON, Stanford University 
A Summary of the Findings of the EMF7 Working Group. on the Macroeconomic Effects of 
Energy Shocks 
_ Bert G. HICKMAN, Stanford University i 
Key Behavioral Relationships and Parameters Affecting Macroeconomic Responses to Energy 
Shocks 
PETER Hooper, Federal Reserve Board, AND PETER PAULY, University ‘of Pennsylvania 
Impact of an Oil Price Shock on the U.S. Economy: International Repercussions 
Discussants: ERNST R. BERNDT, Massachusetts Institute of Technology 
MICHAEL R. DARBY, University of California-Los Angeles 
James D. HAMILTON, University of Virginia s E 


3 


10:15 A.M. CYCLICAL CHARACTERISTICS OF THE MACRO ECONOMY 
Presiding: JAMES L. PIERCE, University of California-Berkeley 
Papers: MICHAEL A. BERNSTEIN, Princeton , University ` 
Long-Term Growth and Cyclical Instability in the United Stàtes: Some Lessons from the 1930s 
: Jog PEEK, Boston College, AND JAMES A. WILCOX, University of California-Berkeley ` 
:, The Effects of Taxes, Monetary Policy Rules, and Deregulation ` 
R.G. Kine, C. I. PLOSSER, University of Rochester, AND E. C. PRESCOTT, T, University of Minnesota. 
General Equilibrium and Business Cycles 
Discussants; BEN S. BERNANKE, Stanford University 
CHARLES ENGEL, University of Virginia 
ROGER N. CRAINE, University of Cálifornia- Berkeley. 


.10:15 A.M. SOME MACROECONOMIC ASPECTS OF DEVELOPMENT POLICY - 
Presiding: BENT HANSEN, University of California-Berkeley $ 
Papers: RICARDO MARTIN AND MARCELO SELOWSKY, The World Bank | 
On the Optimal Phasing of Consumer Price Subsidies E 
HAN X. Vo, Winthrop College ` 
A Framework for Analyzing Host Country Imports of Foreign Direct Investments 
AMAR K. PARAI, Case Western University 
-An Analysis of Foreign Aid and Balarice of Payments of the Less Developed Countries 
WILLIAM Danity, JR., University of North Carolina-Chapel Hil 
Can the Poor Nations Ever Catch: Up? 
Discussants: JEFFREY NUGENT, University of Southern California - 
LOVELL JARVIS, University of California-Berkeley 
' DEBRAJ Ray, Stanford University 


10:15 A.M. THE ECONOMICS OF INVENTORIES Goint Session with the lntertatiodal Society for Inventory Research) 
Presiding: KENNETH J. ARROW, Stanford University 
Papers: RICARDO FIORITO, Universita de Teramo ` © 
Inventory Fluctuations: Some Policy Experiments with’ a Macro Model of Italy 
OWEN IRVINE, Michigan State University 
Inventory Investment and Business Cycle in the United Kingdom . 
STEPHEN BRAUN, Federal Reserve Board 
: The Effects of Experience-Ratéd Unemployment Benefits and Inventory Costs on Production 
Smoothing and Labor Hoarding . 
Discussants: RICHARD E. ERICSON, Harvard University 
FRANK DE LEEUW, Bureau of Economic Analysis; — 
Louis MacciNi, The Johns Hopkins University = 


Editor's Note: 
*Papers from sessions marked with an asterisk will be published in the Papers and Proceédings i issue of the Review, 


May 1984. 


NOTES 


The ninety-sixth annual meeting of the American 
Economic Association will be held in San Francisco, 
California, December 28—30, 1983. 

The Professional Placement Service will be located at 
the St. Francis Hotel. It will be open from 10:00 A.M. to 
5:00 P.M., December 27; 9:00 A.M. to 5:00 P.M., Decem- 
ber 28-29; and 9:00 A.M. to 12:00 noon, December 30. 


Members wishing to give papers or make suggestions 
for the program for the AEA meeting, Dallas, Texas, 
December 28-30, 1984, are invited to write to Dr. 
Charles P. Kindleberger, Box 306, Lincoln Center, Mas- 
Sachusetts 01773. To be considered for the contributed 
sessions, abstracts of (noneconometric) papers must be 
received no later than February 1, 1984. 


Call for Papers: The first annual meeting of the 
Association of Managerial Economists (AME) will be 
held in San Francisco, December 28-30, 1983. Two 
sessions of contributed papers will be featured in con- 
junction with the Allied Social Sciences Associations 
meetings. Theoretical, empirical and policy studies across 
a broad spectrum of topics are invited. Areas of interest 
include Forecasting, Pricing, Advertising, Diversifica- 
tion, Competitive Strategy, Innovation, Financial and 
Location Decisions, Regulation and Antitrust Policy. 
Both members and nonmembers are invited to submit 
papers and/or make program suggestions to the Pro- 
gram Chairman, Professor Mark Hirschey, Graduate 
School of Business, University of Wisconsin, Madison? 
WI 53706. 


Call for Papers: The Eastern Finance Association will 
hold its annual meeting at Walt Disney World/EPCOT, 
. Orlando, Florida on April 11-14, 1984. All academi- 
cians, business professionals, and government specialists 
with an interest in finance are cordially invited to par- 
ticipate. Send a two-page, single spaced abstract of your 
paper, indicate your interest in organizing a panel dis- 
cussion, or in serving as a chairperson/discussant before 
October 31, 1983 to Steve Bolten, Vice President-EFA 
Program, College of Business Administration, Univer- 
sity of South Florida, Tampa, FL 33620. 


Call for Papers: The U.S. Army Research Institute 
for the Behavioral and Social Sciences will sponsor a 
conference on “Army Economic Manpower Policy Re- 
search," in Williamsburg, VA, December 5-7, 1984. 
Candidate topics for the sessions include: Determinants 
of Enlistment/Reenlistment; Issues in Military Com- 
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pensation; Determining Army Manpower Require- 
ments; Measuring Returns to Army Training; and Mea- 
suring the Cost Effectiveness of Weapons Systems from 
a Manpower Viewpoint. Research of other services is 
welcome if it has policy implications for the Army. The 
conference proceedings will be published. Send three 
copies of a 500-word abstract by December 1, 1983 to 
Dr. Curtis Gilroy or Dr. Charles Dale, U.S. Army 
Research Institute, 5001 Eisenhower Avenue, PERI-GP, 
Alexandria, VA 22333. 


Call for Papers: The Southwestern Economics As- 
sociation will meet on March 21-24, 1984 with the 
sixty-second annual meeting of the Southwestern Social 
Science Association. Proposals should be sent prior to 
November 1 to Joe C. Davis, President, Southwestern 
Economics Association, Department of Economics, 
Trinity University, 715 Stadium Drive, San Antonio, TX 
78284. : 


Call for Papers: The 1984 International Symposium 
on Forecasting sponsored by the Journal of Forecasting 
and the Manchester Business School, will be held at the 
London Business School, July 8-11, 1984. Abstracts are 
due by February 1, 1984 and should be sent to the 
appropriate stream organizer on the following subjects: 
Econometric Forecasting; Time-Series Methods; Social 
and Technological Forecasting; Macroeconomic Fore- 
casting; Judgement; Financial and Business Applica- 
tions. Send abstracts and inquiries to Robert Fildes, 
General Chairperson, Manchester Business School, 
Booth Street West, Manchester M15 6PB. 


Call for Papers: To commemorate the centennial 
anniversary of Eleanor Roosevelt's birth, a major inter- 
disciplinary conference is planned for Vassar College on 
October 14—16, 1984. The purposes of the conference, 
cosponsored by Vassar College and the Eleanor Roose- 
velt Institute, are to examine the historic, social and 
economic event of Eleanor Roosevelt's era and her role 
in them, and to stimulate informed and thoughtful 
discussion of the applicability of Eleanor Roosevelt's 
vision to current domestic and international problems. 
Proposals describing the content, sources, methodology, 
and conclusions of papers should be submitted by 
February 1, 1984, final papers will be due August 15, 
1984. Proposals and inquiries should be directed to 
Organizing Committee, Eleanor Roosevelt Centennial 
Conference, Box 186, Vassar College, Poughkeepsie, NY 
12601. 
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Call for Papers: The third annual Presidential Con- 
ference, “Dwight D. Eisenhower: Soldier, President, 
Statesman,” will be held March 29-31, 1984. Papers 
must be submitted in duplicate. Deadline is December 
1, 1983. The Conference Director is Eric J. Schmertz, 
Dean, Hofstra University School of Law. For informa- 
tion, contact Natalie Datlof and Alexej Ugrinsky, Uni- 
versity Center for Cultural and Intercultural Studies, 
Hofstra University, Hempstead, NY 11550. (Telephone: 
516 + 560-5669 or 5670.) 


Call for Papers: Aussenwirtschaft is a quarterly jour- 
nal in international economics, addressed to national 
and international policymakers and management in 
private and public administration as well as scholars and 
students in international economics. Submit manuscripts, 
not to exceed 25 pages (double spacing, wide margins), 
to Aussenwirtschaft, Redaktionssekretar, Dufourstr. 48, 
CH-9000, St. Gallen, Switzerland. 


Call for Papers: Social Choice and Welfare, an inter- 
national journal on welfare economics, social choice, 
and voting theory will be published three times a year 
by Springer-Verlag, Heidelberg, Berlin and New York, 
beginning 1984. It will contain original articles, survey 
papers, and book reviews on the ethical and positive 
aspects of welfare economics and social choice. The 
managing editors are Wulf Gaertner, University of 
Osnabrück; Prasanta 'K. Pattanaik, University of 
Birmingham; and Maurice Salles, University of Caen. 
Submit manuscripts (four copies) to Maurice Salles, 
Social Choice and Welfare, Institut des Sciences de la 
Décision, Universite de Caen, 14032 Caen Cedex, 
France. 


Call for Papers: Studies in Economic Analysis is a 
biannual journal currently expanding its scope and hence 
soliciting research articles from both established econ- 
omists and students. There is no submission fee; submit 
manuscripts to, or request complete format and style 
requirements from, The Editors, Studies in Economic 
Analysis, Department of Economics, College of Business 
Administration, University of South Carolina, Co- 
lumbia, SC 29208. 


Drew University is sponsoring a one-day conference 
on November 11, 1983 to celebrate the centenary of 
John Maynard Keynes. Participants are G. D. N. 
Worswick, Paul Davidson, Orley Ashenfelter, Leonard 
Silk, Robert Solow, and Lorie Tarshis. All are welcome 
to attend. For further information, write or call Profes- 
sor Rosalind Seneca, Chair, Economics Department, 
HSC-52, Drew University, Madison, NJ 07940. (Tele- 
phone: 201 + 377-3000, Ext. 433.) 
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The fifth annual Research Conference of the Associa- 
tion for Public Policy Analysis and Management will be 
held in Philadelphia, October 20-22, 1983. For informa- 
tion about proposed panels or papers, contact Program 
Chairman Robert D. Behn, Institute of Policy Sciences 
and Public Affairs, Duke University, 4875 Duke Sta- 
tion, Durham, NC 27706. 


The Center for Latin American and Iberian Studies 
at Vanderbilt University, in conjunction with the Uni- 
versidad de los Andes (Bogota, Colombia) and the 
Fundação Instituto de Pesquisas Económicas of the 
University of Sao Paulo (Brazil), is holding an Interna- 
tional Conference on Models of Political and Economic 
Change in Latin America in Nashville, November 3-5, 
1983. The conference will address the interrelationships 
among political liberty, economic growth, and social 
equity in the context of different Latin American coun- 
tries (Brazil, Chile, Colombia, Costa Rica, Mexico, 
Nicaragua, and Peru). For fürther information, contact 
Enrique Pupo-Walker, Director, Center for Latin 
American and Iberian Studies (Telephone: 615 +322- 
2527), Samuel Morley, Department of Economics, or 
Jonathan Hartlyn, Department of Political Science, 
Vanderbilt University, Nashville, TN 37235.. 


Fellowships: The National Humanities Center will 
admit approximately forty Fellows for the academic 
year, 1984-85. Fellowships are awarded on the basis of 
open competition, and applications are welcomed from 
the United States and abroad. Representatives of the 
humanities, natural sciences, social sciences, and profes- 
sional life may apply. The deadline is December 10, 


` 1983. Information and application forms may be ob- 


tained from the National Humanities Center, 7 
Alexander Drive, Research Triangle Park, NC 27709. 


The fifteenth Latin American Congress of Sociology 
will be held in Managua, Nicaragua, October 3—8, 1983. 
The general theme is Popular Participation and Devel- 
opment Strategies in Latin America. For more informa- 
tion, contact Comite Organizador XV Congreso Latino- 
americano de Sociologia, Apartado Postal 167-C, 
Managua, Neuss, Centroamerica. 


The sixteenth International Atlantic Economic Con- 
ference will be held October 6-9, 1983 in Philadelphia. 
For further information, contact John M. Virgo, Pro- 
gram Chairman, Atlantic Economic Conference, South- 
ern Illinois University, Box 100, Edwardsville, IL 62026- 
1001. : 
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The Graduate School of Industrial Administration, 
Carnegie-Mellon University, announces a postdoctoral 
fellowship program in political economy that provides 
an opportunity for researchers with a strong commit- 
ment to the use of mathematical or quantitative analysis 
in the study of politics and the interdependence of 
political and economic decision making. Fellows are to 
devote a twelve-month period of residence to research. 
There are no teaching duties. Fellows may also take 
advantage of GSIA's doctoral program to obtain addi- 
tional training in advanced topics. Applications are in- 
vited from recent Ph.D.s in economics, political science, 
or related fields. All applicants should expect to receive 
the doctorate prior to the beginning of residency or to 
have received the doctorate within the past four years. 
Special consideration will be given to scholars interested 
in pursuing collaborative research with GSIA faculty in 
studying political processes that relate to government 
spending and taxation and in studying coalition forma- 
tion and voting. A twelve-month stipend, fully com- 
mensurate with an assistant professor’s salary, will be 
provided. Applicants may either forward a resume and a 
brief statement of research interests or write for further 
information to Professor Howard Rosenthal, GSIA, 
Carnegie-Mellon University, Pittsburgh, PA 15213. 


The Board of Governors of the Federal Reserve 
System Minority Doctoral Fellowship Program provides 
financial support for graduate education leading to the 
Ph.D. to racial or ethnic minority individuals who have 
demonstrated high potential in economics or finance. 
Fellowships are awarded each spring and the recipients 
are selected competitively on the basis of scholastic 
achievement, faculty recommendations, financial need, 
and evidence of potential for successful completion of 
the doctoral work in the areas of economics or finance 
of concern to the Federal Reserve Board. Some prefer- 
ence will be given to those who have already completed 
one or more years of their graduate education, but 
first-year students are eligible. Fellowship awards typi- 
cally include $450 for books, fees, and supplies; a $550 
stipend for each month of the academic year and/or 
tuition; and the option of summer employment at the 
Board. For further information contact the Board of 
Governors of the Federal Reserve System, Minority 
Doctoral Fellowship Program, Board Equal Employ- 
ment Opportunity Program Office, 20th & C Streets, 
NW, Washington, D.C. 20551. The deadline for appli- 
cations is February 1, 1984. 


Research proposals are being accepted by the Regu- 
lation and Policy Analysis Program of the National 
Science Foundation's Division of Social and Economics 
Science. The Program supports disciplinary and interdis- 
ciplinary research designed to increase and generalize 
knowledge about social, technical, or economic aspects 
of regulation. Research that examines the theoretical or 
actual effects of various regulatory policies on aspects of 
social welfare or that improves on theory, the concep- 
tual structure of models, methodological tools, and data 
bases relevant to the study of regulatory phenomena is 
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eligible for consideration, as are proposals for doctoral 
dissertation support, research conferences and data re- 
sources development. Dates for submission of proposals 
are September 1 for funding in January or February, 
and February 1 for funding in June or July. For further 
information, contact Laurence C. Rosenberg, Program 
Director, Regulation and Policy Analysis, NSF, 1800 G 
Street NW, Washington, D.C. 20550 (Telephone: 202 + 
357-7417.) 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that are 
concerned with the humanistic aspects of their discipline 
are eligible to apply for small travel grants of the 
American Council of Learned Societies. Financial assis- 
tance is limited to air fare between major commercial 
airports and will not exceed one-half of projected econ- 
omy-class fare. Social scientists and legal scholars who 
specialize in the history or philosophy of their disci- 
plines are eligible if the meeting they wish to attend is so 
oriented. Applicants must hold a Ph.D. degree or its 
equivalent, and must be citizens or permanent residents 
of the United States. To be eligible, proposed meetings 
must be broadly international in sponsorship or par- 
ticipation, or both. The deadlines for applications to be 
received in the ACLS office are: meetings scheduled 
between July and October, March 1; for meetings sched- 
uled between November and February, July 1; for meet- 
ings scheduled between March and June, November 1. 
Please request application forms by writing directly to 
the ACLS (Attention: Travel Grant Program), 800 Third 
Avenue, New York, NY 10022, setting forth the name, 
dates, place, and sponsorship of the meeting, as well as a 
brief statement describing the nature of your proposed 
role in the meeting. 


Deaths 


L. Jay Atkinson, retired government economist, 
Washington, D.C., April 15, 1983. 

R. C. Geary, former director, Economic and Social 
Research Institute, Dublin, Ireland, February 8, 1983. 

Carl I. Van Duyne, associate professor of economics, 
Williams College, February 28, 1983. 


Retirement 


Margaret R. Sturgis, assistant professor of econom- 
ics, Auburn University-Montgomery, April 1, 1983. 
. Jay W. Wiley, professor, School of Management and 
Krannert Graduate School of Management, Purdue 
University, June 30, 1982. 


Promotions 


A. Wayne Lacy, professor ‘of economics, Auburn 
University-Montgomery, September 1, 1983. 
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Edward J. Ozog, assistant vice president, Open 
‘Market Operations Function, Federal Reserve Bank of 
New York, October 22, 1982. . 

. Lawrence Radecki, senior economist, monetary re- 
search department, Federal Reserve Bank of New York, 
March 24, 1283; ‘ . 


- Administrative e— 


Edward Gramlich: chairman, department of econom- 
ics, University of Michigan, July 1,1983. 

John D, Scholl, University of Maryland: dean, School 
of Business Management, Rio Grande College, Septem- 
ber 1982. . IPEE « : 


Appointments 


" David Aschauer, University of Rochester: assistant 
professor of. economics, University of Michigan, July 1, 
1983.. n 

Mark E. Bagnoli, Princeton University: assistant pro- 

` fessor of: economics, University of Michigan, July 1, 
. 1983. 

Michael T.. ; Belongia,, Economic, Research Service, 
USDA: économist, Federal Réserve Bank of St. Louis, 
January 24, 1983. ae 

Severin Borenstein, Massachusetts Institute of Tech- 
nology: assistant professor of economics, University of 
Michigan, July 1, 1983. 

Thomas M. Burrows, University of California-River- 
side: vice president, Funds Management, Union Bank, 
Los Angeles, ‘November 1982., 

' Jonathan A. K. Cave, University of Illinois-Urbana: 
associate economist, economics department, The Rand 


2d Corporation, July 1982.. 


Stephen Erfle, Harvard University: assistant profes- 
sor of economics, University of ‘California-Irvine, Fall 
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1983. 

Gertrud M. Fremling, University. of California-Los 
Angeles: visiting assistant professor of economics, Uni- 
versity of Michigan; July 1, 1983. 

Thomas.H. Goodwin: assistant professor of econom- 
ics, University of New Mexico, J anuary 1, 1983. 

Aaron §. Gurwitz: senior economist, regional eco: ` 
nomics staff, monetary research department, Federal 
Reserve Bank of New York, February 28, 1983. 

Michael L. Hartzmark, University of Chicago: assis- 
tant professor of economics, University, of Michigan, 
July 1, 1983. 

Donald P. Henry, Stanford University: . associate 
economist, economics department, The Rand. Corpora- 
tion, October 1982. E f 

_ Gregory L. Hertzler: assistant professor of econom- 
ics, Iowa State University, . December 15, 1982... 


David Lam, University of California-Berkeley: assis- ` 


tant professor of economics, University of Michigan, 
July 1, 1983. ; 

Kent W. Mikkelsen; Yale University: isiting assis- 
tant professor of economics, University of. Michigan, 
July 1, 1983. . 

Morris Miller: executive director, The World Bank, 
November 1982. 

Mohan Munasinghe: senior energy advisor to the 
President of Sri Lanka; October 1982, 

. Kenneth Small, Princeton University: associate pro- 
fessor of economics, University of California-Irvine, Fall 
1983. 

“V. Kerry Smith, University of North Carolina-Chapel 
Hill: centennial „professor of economics, Vanderbilt Uni- 
versity, September 1983. - 

Gary Solon, Princeton University: assistant professor 
of economics, University of Michigan, July 1, 1983. 

Neil A. Stanley: instructor of economics, lowa State 
University, January 1, 1983. 
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CAMBRIDGE 


The Timing of Economic Activities 

Gordon C. Winston 

This introduction to the "time specific" analysis of economic processes is firmly in the 
neoclassical tradition. The author applies the time-specific approach to production and 
uses the resulting analytical structure to examine the time-shape of efficient produc- 
tion of storable and perishable output, as well as the logic of duality modeling when 
production is explicitly seen as a process in time. $29.95 


Quantitative Economic Policies and Interactive Planning 
A Reconstruction of the Theory of Economic Policy 
Andrew Hughes Hallett and Hedley Rees 


By stressing the role of the policymaker rather than simply txeating the economy as a 
physical system, Hallett and Rees focus on specifying the policy problem itself in the 
context of uncertainty and the variations in individual preferences, expectations, or 
information sets found in economic systems. . $49.50 


The Theory of Natural Monopoly 
William W. Sharkey 


An integrated presentation of the modern theory of natural monopoly that provides a 
useful synthesis of a subject that has been substantially transformed in recent years. 
Although the main emphasis is on theory, the final chapter on natural monopoly in the 
telecommunications industry shows the theory in use. Cloth $32.50 Paper $9.95 


The Logic of Bureaucratic Conduct 

Albert Breton and Ronald Wintrobe 

This volume examines behavior in large organizations and the determinants of the effi- 
ciency of those organizations in government and business. Using the methods of stan- 
dard neoclassical theory, the authors propose two central ideas: that members of an 
organization trade with one another and compete with one another. Their analysis 
breaks both with the Weberian view of bureaucracy as rational and efficient and with 
the view of modern public choice theory, which sees bureaucracy as inherently 


inefficient. $29.95 
Advances in Economic Theory MN Te ani $34.50 
Advances in Econometrics $39.50 


Werner Hildenbrand, Editor 

The papers in these collections were selected from the Fourth World Congress of the 
Econometric Society. They survey areas in economic theory and econometrics in which 
important research has appeared during the past few years. 


Limited-Dependent and Qualitative Variables in Econometrics 

G.S. Maddala 

This book presents the econometric analysis of single equation and simultaneous equa- 
tion models where the jointly dependent variables can be continuous, categorical, or 
truncated. Such variables are involved, for example, in models of occupational choice, 
choice of tenure in housing, and choice of type of schooling, as well as in models with 
regulated prices and rationing and models for program evaluation. $39.50 


Cambridge University Press 
32 East 57th Street « New York, N.Y. 10022 
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CAMBRIDGE 


Managing Foreign Exchange Risk 

Essays Commissioned in Honor of the Centenary of the Wharton School, 
University of Pennsylvania 

Richard J. Herring, Editor ; 

A broad and up-to-date survey of what we know about foreign dct risk and 
how to cope with it. The issues addressed include the factors that give rise to for- 
eign exchange risk, the scope for government policy to deal with it, the gains 
achieved by diversifying foreign exchange risk, techniques for forecasting foreign 
exchange rates, accounting for foreign exchange exposure, and the case for an active 
approach to foreign exchange management. ` $29.95 





Managing International Risk 

Essays Commissioned in Honor of the Centenary of the Wharton School, 
University of Pennsylvania 

Richard J. Herring, Editor 

These essays provide a detailed demanding of the sources of and responses to 
international risk and uncertainty, bringing together the reflections of academic 
experts from several fields and the views of distinguished practitioners from multi- 
national manufacturing firms, international finance institutions, and official inter- 
national organizations. $29.95 ' 


Inflation Accounting 

An Introduction to the Debate 

Geoffrey Whittington 

A concise and clear summary of the theory of inflation accounting that describes 


and illustrates both theoretical and practical aspects of all the major methods. 
Cloth $29.95 Paper $9.95 


Analysis Without Measurement 

Donald W. Katzner 

Katzner addresses the question of how the many phenomena in the social sciences 

that appear, at least in part, impossible to measure might be understood and inves- 

tigated in the absence of numerical gauges. In offering a coherent approach to the 

analysis of the non-quantifiable, he develops static and dynamic modeling tech- 

niques for non-scaleable variables and describes their varied applications, along 

with methods for testing hypotheses obtained through these and other procedures. 
$3750 


The Economics of Price Discrimination 

Four Essays in Applied Price Theory 

Louis Phlips 

This book offers a theoretical and unified explanation of how prices are determined 
in practice and represents the first unified treatment of a recent and growing body 
of literature in the “new industrial organization" field. It fills the gap between 
textbook microeconomics and real-life antitrust cases in a straightforward, non- 
technical way. Cloth $39.50 Paper $12.95 
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Intertemporal Planning, Exchange, and Macroeconomics 
D.EI. Folkerts-Landau 


This original and rigorous effort to incorporate into economic theory transactions 
that impose costs upon participants provides an analysis of modern exchange and 
macroeconomics and general equilibrium theory. The author investigates the way 
individual agents trade and accumulate money, bonds, and goods over their life 
cycles, and his explicit introduction of trading costs in the form of a transaction 
technology sets his analysis apart from the available literature. $32.50 


Economic Behavior Within Organizations 

Stephen A. Hoenack 

In a comprehensive economic analysis of the internal workings of organizations, 
Stephen Hoenack argues that the costs of obtaining information lead managers to 
delegate control of resource allocation to their subordinates and that these infor- 
mation costs determine the effectiveness of the constraints that can be put upon 
subordinates' discretion. $34.50 


Econometric Society Monographs in Pure Theory 

EH. Hahn, Editor 

Hugo Sonnenschein, Editorial Adviser 

This new series will present up-to-date research in mathematical economics and 
pure theory. 


Mathematical Economics 

Twenty Papers of Gerard Debreu 

Gerard Debreu 

Debreu has selected twenty of his papers for inclusion in this volume. They are 
preceded by a major introduction by Werner Hildenbrand, who assesses Professor 
Debreu's contribution to economic theory and explains the part played by these 
papers in the development of the subject. $34.50 


Money and Value 

A Reconsideration of Classical and Neoclassical Monetary Economics 

Jean-Michel Grandmont 

This study examines one of the major theoretical issues underlying a number of 

recurrent controversies in macroeconomics: whether a competitive monetary 

economy has built-in mechanisms strong enough to remove excess supply and 

demand in all markets through an automatic adjustment of the price system. 
About $29.95 


Disequilibrium Foundations of Equilibrium Economics 
Franklin M. Fisher 


Professor Fisher provides a review of the older literature on the stability of general 

equilibrium and a consideration of a more satisfactory general model in which 

agents realize that they are in disequilibrium and act on arbitrage opportunities. 
About $34.50 


Cambridge University Press 
— 2, East 57th Street + New York, N.Y.10022. 
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New 
from The University Press of America 


How eviews Explain: A Reader in Methodology 
edited by William L. Marr and Baldev Raj 


An outstanding collection of articles on economic methodology—the concepts, theories, and basic principles of 
reasoning which are part and parcel of the discipline of economics. The nine parts of this text include articles by 
prominent economists such as F. Machlup, R. Heilbroner, A. Coddington, L. Boland, H. Simon, and W. 
Leontief. Includes The Nature of Economics; Economics and Value Judgement; The Goal of Economics as a 
Hard Science; Should Prediction be the Goal of Economics?; The Role. of Empiricism in Economics; How 
Theories are Verified: Some Aspects of Model Building and Policy Making Role; Pattern Modeling, Story- 
telling, Holism, and Behavioral Requirements; What is Right and Wrong With Economics? Also includes a 
glossary of philosophical and methodological terms, author index, and bibliography. 

1983, 414 pages, LC: 83-5863 

Paper, 3192-X $15.75 

Cloth, 3191-1 $28.00 


Economic Anthropology: Topics and Theories 

Monographs in Economic Anthropology No. 1 

edited by Sutti Ortiz ` 

. Co-published with the Society for Economic Anthropology, this collection of papers was developed from the 

* inaugural conference of the Society, with the participation of anthropologists, ecologists and political scien- 
tists. The uniformly fine papers reflect the interdisciplinary dialogue and the joint interest in a critical review of 
the various approaches used to examine the organization and transformation of economic systems. 

` 1983, 446 pages, LC: 83-10296 

' Paper, 3322-1 , $15.75 

* Cloth, 3321-3 $27.50 


From Basic Economics to Supply-Side Economics 
by Charles T. Stewart, Jr. and Melvin L. Greenhut 
This excellent book includes formal, yet simplified, explanations of supply and demand. analysis, Keynesian 
economics, monetarism, and in particular, supply side economics, including the current Reagan variation of it. 
It provides detailed explanations of our money and banking system, as well as evaluations of the economic 
progress and problems of other countries. The clear explanations and high readability give this volume wide 
spread appeal. 
1983, 200 pages 
Paper, 3427-9 $ 9.75 
Cloth, 3426-0 $19.75 


The Inflation Crisis, and How to Resolve It, Second Edition 

by Henry Hazlitt 

An excellent volume by an eminent journalist and author which presents a history of inflation, an explanation 
of its causes, an analysis of the misconceptions and fallacies that prevail about it, the outlook for more of it, and 

advice regarding what the reader can and cannot do to protect himself against it. The author recognizes the 

strength of the political forces that allow its continuance, and the urgent need of the re-establishment of an 

international gold standard. A first-rate analysis of an ongoing problem. 

1983, 192 pages 

Paper, 3301-9 $ 9.00 


To order, write 
The University Press of America 
4720 Boston Way ¢ Lanham, Maryland 20706 « 301 «459. 3366 


Call or write for our new Fall Economics Catalog. 
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The Latest Research in Economics 


OPTION PRICING 


' THEORY AND 
APPLICATIONS 


Menachem Brenner 


LEXINGTON BOOKS 


Option Pricing 

Theory and Applications 

edited by Menachem Brenner, Hebrew 
University and New York University 

A Salomon Brothers Center Book 
Distinguished academics and professionals 
analyze the main theoretical and empirical 
developments in option pricing, the major 
new field of investigation in financial 
economics. 
256pp. ISBN 0-669-05714-2 $25.95 
Fiscal Theory 

Government, Inflation, and Growth 

Hans Brems, University of Illinois 

Explores the analytical foundations of 
Keynesian and monetarist fiscal theories 

and formulates a new balanced synthesis. 
208pp. ISBN 0-669-05688-x $22.95 


Entrepreneurship, Productivity, and 
the Freedom of Information Act 
Protecting Circumstantially Relevant 
Business Information 

William L. Casey, Jr., John E. Marthinsen, 
and Laurence S. Moss, Babson College 
identifies circumstantially relevant business 
information that is both proprietary and 
vital to the entrepreneurial process and 
analyzes the protection afforded it by the 
Freedom of Information Act trade-secrecy 
exemption. 
240pp. 


ISBN 0-669-06349-5 $24.95 


Strategies for Vertical Integration 
Kathryn Rudie Harrigan, 

Columbia University 

Foreword by William H. Newman 

"The most comprehensive study of the 
important topic of vertical integration that 
has been undertaken in recent years. . . . 
The book will become a basic guide for both 
scholars and practitioners.” —from the 
foreword 
400pp. ISBN 0-669-06694-x $29.95 
The Futuré of Nonfuel Minerals in the 
U.S. and World Economy 

Input-Output Projections, 1980-2030 
Wassily Leontief, James C.M. Koo, Sylvia 
Nasar, and Ira Wassily Sohn, Institute for 
Economic Analysis, New York University 
Includes a discussion of the role of 
resources in the economy, a review of past 
U.S. mineral policy, and a summary of 
previous studies projecting future minerals 
requirements. i 
512pp. ISBN 0-669-06377-0 $39.95 
The Role of the State in `- 

Property Taxation 

edited by H. Clyde Reeves, with 

Scott Ellsworth 

A Lincoln Institute of Land Policy Book 
Authors from sixteen states and one 
Canadian province describe the range of 
state influence on taxation and suggest 
using new technologies for better collection 
of state revenues. 

240pp. ISBN 0-669-06292-8 $25.95 
The Economics of Cable Television 

G. Kent Webb 

Discusses the many telecommunications 
services available from cable and explores 
the problems of efficient pricing and system 
design. 
224pp. 


ISBN 0-669-06323-1 $22.95 


from LexingtonBooks 


LexingtonBooks, D.C. Heath and Company 
125 Spring Street, Lexington, MA 02173 
(617) 862-6650 ^ (212) 924-6460 


HEATH Call our toll-free numbers, 
(800) 428-8071 or (800) 33-HEATH 
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NEW 


Lipsey & Steiner 


Harper & Row presents: essentials 


ECONOMICS Seventh Edition 


Combining solid theory with real-world 
applications, this classic best seller covers 
macroeconomics and’ microeconomics in 
separate, self-contained sections. For this 
edition, the chapters on macroeconomic 
theory and applications have been exten- 
sively revamped. A full commitment to the 
aggregate demand-aggrégate supply ap- 
proach features a superlative exposition of 
the iu side" of the economy. Addi- 


tional coverage of rational expectations en- 
hances Chapter 38: Current Issues in Mac- 
roeconomic Policy. Changes in the micro 
section include updated coverage of OPEC 
and two chapters instead of one devoted to 
household consumption behavior. 1/84. 
1024 pages/tent. Instructors Manual. Study 
Guide. Test Bank with 3000 multiple-choice 
questions. 


IPM & Rees 
THE ECONOMICS OF WORK AND PAY 


Third Edition 


Virtually a new text, this significantly 
expanded and updated édition includes key 
policy issues to liven up'exposition. ..shows 
the process by which labor market out- 
comes are produced...integrates data and 
empirical work directly with theory... 
avoids unnecessary mathematics. .. illus- 
trates points with international compari- 


NEW 
Sherman, & Evans 


MACROECONOMICS 


sons...and shows what chee market facts 
are and how to explain them. Now includes 
new material on policy issues in a wide 
variety of areas (nearly 50 in all), and 
revamped coverage of search theory and 


` results; tied migration; implicit labor mar- 


ket contracts: hedonic wages; and much 
more. 2/84. 550 pages/tent. 


An Introduction to Keynesian, Monetarist, and Marxist Views 


This new introduction explores a variety of 
different economic systems—from the 
Marxist and institutionalist to the monetar- 
ist and supply side. It focuses on dynamic 
disequilibrium in a working economy and 
employs an empirically-based approach to 
“give students a realistic perspective on such 
contemporary issues as large-scale unem- 


ployment and inflation. Features extensive 
new material on money and business cy- 
cles, including new research by the authors 
in those areas, and incorporates. historical 
and institutionalist concepis into a broad 
political-economic model of the macroeco- 
nomic, process. 12/83. 576 pages/tent. 
Instructors Manual. 
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for your economics courses. 


Waud 
ECONOMICS 


Second Edition 


Updated, expanded, and refined, this highly 
teachable introduction to.macro and micro- 
economics offers such superb features as a 
revised and updated version of the first edi- 
tions pioneering discussion of aggregate 
supply and its significance for today’s eco- 
nomic problems; new chapters on com- 
parative economic systems, government 
regulation, and the economics of energy; 
learning aids like News Items (many 
adapted from the Wall Street Journal) and 


Miller 


Checkpoints (with answers now at the end. 
of the book); and a revamped Test Bank by 
Michael Salemi, nationally recognized au- 
thority on teaching methods in economics 
(all questions have been subjected to statis- 
tical test item analysis at the University of 
North Carolina, Chapel Hill). 1/83. 866- 
pages + Glossary & Index. Instructors 
Manual. Transparency Masters. Study 
Guide. Test Bank. 


ECONOMICS TODAY 


Fourtb Edition 


This national bestseller is distinguished by 
its issues-and-applications orientation and a 
vivid writing style. Now updated to include 
supply-side economics and other current 
topics. 1982. 830 pages. The fourth edition is 
supported by a Total Learning/Teaching 
Package that insures clear teaching and un- 
derstanding of the material The Package 
includes a new Student Learning Manual, a 


new Instructors Manual, a new class-tested 
Test Bank of 2000 items (available on 
ACCESS), 100 transparency masters, 30 au- 
dio cassettes (15 on macro, 15 on micro) 
with self-testing student workbooks, and a 
new set of 30 videotapes covering the macro 
view of economics, with accompanying Stu- 
dent Manual and Instructors Manual. 


To request examination copies, write to Suite 3D, Harper & Row, 10 Fast 
53d Street, New York, N.Y. 10022. Please include course title, enrollment, and 
present text. 
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The rare book collection of the 
ROYAL STATISTI Al SOCIETY 


in miCtO ich e 


The rare book collection of the Royal Statistical Society contains irreplaceable 
monographs which have long been needed by scholars. 


Recently the Council of the Society extended an agreement to Microforms 
International Marketing Corporation, a subsidiary of Pergamon Press, for filming 
this collection and making microfiche reproductions available. 


A first segment of this collection has already been filmed and is available in 
negative polarity, NMA standard 98-frame microfiche. 


Hereunder, a sampling of abbreviated titles: 

BELL, William, Causes which render a nation populous. Cambridge, 1756— 1 fiche. 
BLACK, William, Mortality of the human species. London, 1788— 5 fiche. 
CONDORCET, M.J.A.C., Essai sur... la probabilite des decisions. Paris, 1785—6 fiche. 
DE MOIVRE, Abraham, The doctrine of chances. London, 1718—3 fiche. 

DOUBLEDAY, Thomas, The true law of population. London, 1853— 5 fiche. 

ENSOR, George, . . . The population of nations. London, 1818—6 fiche. 

GOMPERTZ, Benjamin,* ... The law of human mortality. London, 1825— 1 fiche. 
GRAUNT, John,* Natural and political observations. London, 1664— 2 fiche. 


HAZLITT, William, A reply to the Essay on Population of Malthus. 
London, 1807 —5 fiche. 


HOWLETT, John, An examination of Dr. Price's essay on population. 
London, 1781— 2 fiche. 


JARROLD, Thomas, Dissertation . .. in answer to the Malthus Essay. 
London, 1806 —4 fiche. 
MEAD, Richard, A discourse on the plague. London, 1744 —3 fiche. 
PETTY, William,* Five essays in political arithmetick. London, 1687 —2 fiche. 
QUETELET, Lambert A. J.,* Recherches sur la population. Brussels, 1827 —2 fiche. 


SHORT, Thomas,* ... The increase and decrease of mankind in England and 
several countries abroad. London, 1767 —3 fiche. 

STORCH, Heinrich F., Statistische Uebersicht . . . des russischen Reichs. 
Berlin, 1795 —2 fiche. 

SUSSMILCH, Johann P.,* Versuch .. . die erste Sprache . . . nicht vom Menschen. 
Berlin, 1766 —2 fiche. 

“Among most of their works. 


Fiche are sold at US$6.00 each with a required minimum purchase of ten fiche. 
These prices are applicable for all countries except Japan. 


T * For expanded listings and orders, please write to: 
Microforms International Marketing Corporation 
e 
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BUSINESS CYCLES, INFLATION, AND FORECASTING 
Second Edition 
Geotfrey H. Moore 
'...an exhaustive and informative investigation into the nature of business cycles.” 

— Southern Economic Journal- 
The new edition of this highly praised work includes up-to-date information on recent business 
cycles, a signaling system to identify the beginning and ending of recessions, new findings on 
inflation, an update on leading indicators for the "big seven" countries, a new leading index of 
employment and unemployment, and new essays on current problems with economic statistics. 
July 488 pages $42.50} cloth $19.95} paperback 


EXCHANGE RATE AND TRADE INSTABILITY 

Causes, Consequences, and Remedies 

David Bigman and Teizo Taya, Editors 

Economists from throughout the world investigate the variability of leading industrial nations’ 
exchange and interest rates during the 1973-1981 period of generalized floating, contrast theories of 
exchange rate determination, consider conditions under which private speculation can strengthen a 
shaky foreign exchange market, analyze the stability of a wide range of applied monetary models, and 
explore the causes and effects of recent export instability. 

March 376 pages $39.95 


STEEL: Upheaval in a Basic Industry 

Donald F. Barnett and Louis Schorsch 

Barnett and Schorsch scrutinize U.S. productivity levels, draw enlightening comparisons with the 

Japanese and Canadian steel industries, and offer new perspectives in their analysis of economic 
- policy. Concluding that a revitalized steel industry is not an unrealistic goal, they outline its likely 

Structure and suggest changes in corporate strategy and governmental policy necessary to improve 

the economic pérformance of this vital industry. 


September ca 336 pages $28.00+ 
INTERNATIONAL AND REGIONAL CONFLICT 
Analytic Approaches 


Walter Isard and Yoshimi Nagao, Editors (The Peace Science Studies Series} 


Using mathematical models and value-based décision rules, scholars from around the world address , : 
the field of conflict analysis. They offer new approaches to problems that range from the theoretical to 
the actual, the international to the personal. Rigorously scientific throughout, these essays offer 
concrete proposals for the resolution of conflicts at all levels. 


1983 256 pages $36.00} 


STALEMATE IN TECHNOLOGY 
Innovations Overcome the Depression 
Gerhard O. Mensch 


“In many ways the most important contribution to macroeconomic theory since John Maynard Keynes,” 
— World Press Review 


“The one person who appears to me to have reached an optimal understanding of technological 
innovation. and its connections to economic problems is Gerhard Mensch. It is Mensch's thesis that 
the best way to overcome economic depression, inflation, and stagflation is through basic or radical 
innovations, most likely technological but perhaps social and institutional as well.” __ Challenge 


1979 272 pages $19.50 cloth $11.95 paperback 


T denotes tentative price. Prices subject to change without notice. 


= 
Balling er, PUBLISHING COMPANY A Subsidiary of Harper &) Row, Publishers, Inc. 
i ; 54 Church Street e Cambridge, MA 02138 
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St. Martin's Press 


South-South Financial 
Cooperation 


edited by Dragoslav Avramovic, 
Office of the Secretary General, UNCTAD 


In an attempt to present alternatives to the 
current worldwide financial crisis, the highly- 
skilled contributors to this volume suggest the best 
methods for achieving a South-South cooperation 
in the field of finance. -As a whole, the collection 
of essays assert that developing countries should’ 
try to utilize their own resources and establish new 
institutions and modalities for development and 
other financing. 


September — 747411. — 250pp $27.50 
The New International 
Economic Order 


Conflict and Cooperation in North- 
South Economic Relations, 1974—1977 
Jeffrey A. Hart, Indiana University 


In this penetrating new:study of the politics of 
economics, Hart raises important questions con- 
cerning the series of negotiations between rich 
and poor nations to establish new rules for govern- 
ment economic relations that occurred between 
1974 and 1977. | f 


Septëmber 56819-3 215 pp. $22.50 


The Nigerian Oil Company 
J.K. Onoh, Imo State University, Nigeria 


Nigeria is rated as the world's tenth largest 
producer of oil, yet little information is available 
about the implications of oil production on the Ni- 
gerian economy. For the first time, the develop- 
ment of Nigeria’ oil industry is examined in this 
comprehensive volume. Onoh charts the chang- 
ing course of Nigerias economy and examines the 
dramatic effect oil has had on her domestic and 
international policies. ] 


September 57274-3 250 pp. $27.50 


St. Martins ISBN prefix: 0-312. 
Prices and publication dates subject to change without notice. 


. Fall 1983: 


Federalism in Nigeria 
S. Egite Oyovbaire, 
Ahmadu Bello University, Nigeria 


This timely publication, coinciding with the 
current debate in Nigeria about the organization 
and management of federalism, is a critical analy- 
sis of the development of the Nigerian State and 
the ways in which federalism has been used to 
further national integration. The author provides 
a powerful critique against the current theory of 
comparative federalism. Using Nigeria as a case 
study, the author demonstrates that federalism 
which exists under conditions of underdevelop- 
ment, communal pluralism and rapid social trans- 
formation is not a situation of coordinate or equal 
power status of the two levels of government, but a 
case of dependence and autonomy of the state vis- 
à-vis the central government in the acquisition 
and use of power. 


September 28551-5340 pp. $35.00 


Slow Growth and the d 


Service Economy 
Pascal Petit 


Presenting a clear and comprehensive macro- 
economic framework which accounts for supply- 
and-demand relations in different sectors of the 
economy, the author analyzes various determi- 
nants of the demand for services and the'condi- 
tions which allow for a perspective on the volume 
and quality of employment in the service indus- 
tries using data accumulated over the last thirty 
years. In the course of this vital argument, the role 
of services in economic growth is thoroughly as- 
sessed, as are the effects of the current slowdown 
on market forces and on economic policies. 


September — 72947-2 — 200pp $25.00 


Send for our new Fall 1983 catalogue of reference 
and scholarly books. To order these books at 2096 
discount off the list price, please send your check 
or institutional purchase order directly to: 
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Economic studies 


The West German Economy 
Eric Owen Smith, 
- Loughborough University of Technology 


In two centuries (1780—1980) the German na- 
tion has developed from one large geographical 
area of 1,789 territories into two major economic 
powers. To understand the collapses, turbulence 
and spectacular recoveries of the German econ- 
omy, the author explores six crucial recurrent fea- 
tures: hyper-inflation and currency reform; a high 
rate of technical advance with a high export po- 
tential; a legal framework which was conducive to 
a high degree of business concentration and thus 
the derivation of large economies of scale; a bank- 
ing sector geared to active participation in the 
industrial sector; and active involvement by the 
government in economic and social affairs. 


September 86290-3 350 pp. $32.50 


The Economics of Peacemaking 


Focus on the Egyptian-Israeli Situation 

` Ruth Arad, Seev Hirsch, both of Tel Aviv 
University, and Alfred Tovias, Hebrew 
University 


Starting with the two key concepts of depen- 
dence and interdependence, this book offers an 
economic interpretation of the dynamics of peace- 
making. Interdependence is viewed as a state char- 
acterized by an acceptable balance between gains 
from economic transactions between recent or po- 
tential belligerents and losses from disruption 
caused by dissociation between them. 


October 234414 = 260 pp. $25.00 


Oil and the British Economy 


Sir Fred Atkinson, formerly chief economic 
advisor of Her Majesty's Treasury, and 
Stephen G. Hall, National Institute of 
Economic and Social Research, London 


The 1976 discovery of oil in the North Sea and 
the rest of the continental shelf was widely ex- 
pected to usher in a period of prosperity for the 
British economy. Yet the early 1980s have been 
years of recession and unemployment. To discover 
the reasons behind this predicament, the authors 
examine the North Sea oil sector itself and show 
the direct impact of its recent development on the 
British economy. They analyze the automatic re- 
sponses of an economy to the development of such 
anew sector, the "Kay debate," andthe experience - 
of six other countries with oil arid the manufactur- 
ing industry. 


October 58295-1 200 pp. $32.50 


Regional Integration in 
East and West 


edited by Christopher T. Saunders, 
University of Sussex : 


The strategy of economic integration, by 
which groups of nations band together for the 
purposes of economic cooperation is examined by 
leading economists from both the east and west in 
this stimulating study. In particular, it focuses on 
the Council for Mutual Economic Assistance 
(CMEA) of the centrally planning countries of ` 
Eastern Europe, with the Soviet Union as their 
joint bond-holder, and the European Economic 
Community (EEC) of the frée market economy 
countries. Each of these organizations is studied in 
detail, including aspects of their relations with 
non-members, their interactions with other multi- 
national groups, specific components of their inte- 
grational policies, and monetary issues. 


October:  66917-8 280 pp. $32.50 


St. Martin’s Press 


Reference & Scholarly Books Division, Rm. 132 
175 Fifth Avenue, New York, New York 10010 
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Basic Books, Inc. 


- Décision Making at the Top 
The Shaping of Strategic Direction 
Gordon Donaldson and Jay W. Lorsch 
$18.50 September 


Economic Development 
Ian M.D. Little 
A Twentieth Century Fund Book 
$22.95 


Game Theory 
A Nontechnical Introduction 
Revised Edition 
Morton D. Davis 
$20.00 cloth, $7.95 paper September 


Industrial Renaissance 
Producing a Competitive Future for America 
William J. Abernathy, Kim B. Clark, and Alan M. Kantrow 
$19.00 


The International Money Game 
Fourth Edition, Revised and Expanded 
Robert Z. Aliber 
$16.00 cloth, $8.95 paper 


The Making of Modern Advertising 
Daniel Pope 
$18.95 


The Open Economy and the World Economy 
; John Williamson 
$23.95 


Principles of Money, Banking, and Financial Markets 
Fourth, Revised Edition 
Lawrence S. Ritter and William L. Silber 
$25.95 


‘Structuralist Macroeconomics 
Lance Taylor 
$18.95 


The Truth About Supply-Side Economics 
Michael K. Evans 
$17.95 


Basic Books, Inc. 
10 East 53rd St. New York, N.Y. 10022 
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| POLITICAL 
ECONOMY AND 
FREEDOM 





LibertyPress 
reas “lassics 


Political Economy 


and Freedom: 
A Collection of Essays 


By G. Warren Nutter 
Edited by Jane Couch Nutter 
Foreword by Paul Craig Roberts 


G. Warren Nutter (1923-1979) was a 
fine economist who was also a keen 
student of political institutions. He 
was a political economist in the 
classical sense. 

_ The thirty-three essays in this 
collection illustrate the broad range of 


Nutter’s thought. There are essays on 
the Soviet economy and international 
relations as well as essays exploring 
the economic institutions which 
support a free society. 

One finds in these essays a man of 
intellect and judgment ever ready to 
look at the evidence. He defends 
capitalism, not because it is perfect, 
but because for this imperfect world it 
is superior to the attainable 
alternatives. 

Hardcover $10.00; Paperback $5.50 


Prepayment is required on all orders not for 
resale. We pay book rate postage on 
prepaid orders. Please allow 4 to 6 weeks 
for delivery. All orders from outside the 
United States must be prepaid in U.S. 
dollars. To order, or for a copy of our 
catalogue, write: 
LibertyPress/LibertyClassics 

7440 North Shadeland, Dept. F101 
Indianapolis, IN 46250 
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Institute for International Economics 


The Institute for International Economics was created in 1981 in order to provide fresh 
analyses of major issues in international economic policy and to suggest new approaches 
to dealing with the problems involved. Books and monographs published by the Institute 


are distributed by The MIT Press. 
International Debt 


Systemic Risk and Policy Response 
William R. Cline 


This book traces the origins of interna- 
tional debt and recent trends that burden it. 
It examines the extent of the financial sys- 
tem's vulnerability, and the adequacy of ' 
bank regulation and of central bank ` 
coverage for emergency lending to interna- 
tional banks, and reviews the prospects for 
orderly servicing of the debt in the next 
few years. 

175 pp. $20.00 


Trade Policy in the 1980s 
edited by William R. Cline 


The world trading system which has been 
of critical importance to both economic 
prosperity and political harmony through- 
out the postwar period now faces strains 
not seen since the- 1930s. Essays in this 
book assess the trends and problems in 
trade policy, recommended ways of deal- 
ing with them. 

714 pp. $35.00 


Policy Analyses in 
International Economics 
paperback monographs 

The Exchange Rate System 

John Williamson 

80 pp. $6.00 


Economic Sanctions in Support 
of Foreign Policy Goals 
Gary Clyde Hufbauer 
80 pp. $6.00 
International Debt and the 
Stability of the World Economy 
William R. Cline 
80 pp. $6.00 ] 

` The Multiple Reserve Currency System 
C. Fred Bergsten and John Williamson 
80 pp. $6.00 


Write for our current economics catalog 
28 Carleton Street, Cambridge, MA 02142 





Subsidies in International 


Trade ) 

Gary Clyde Hufbauer.and 

Joanna Shelton-Erb 

Subsidies raise some of the most important 
and difficult issues of contemporary inter- 
national economic relations. Proposals for 
improving the ability of the international 
trading system to tackle the problems sub- 


sidies pose are set forth in this book. 
400 pp. $20.00 _ 


IMF Conditionality 


‘edited by John Williamson 


These contributions (including eleven 
country studies) assess the controversy sur- 
rounding the International Monetary Fund 
and provide judgments about the criteria 
for Fund lending which should help 


* readers understand and analyze both its 


ongoing role in smoothing adjustment to 
international payments imbalances and its 


` currently critical position in responding to 


the debt crisis. 


. 679 pp. $30.00 


Trade Policy in the 1980s 


` C. Fred Bergsten and William R. Cline 


84pp. $6.00 


“Reciprocity” 
A New Approach to World Trade Policy? 
William R. Cline 


` 42pp. $6.00 


The Lending Policies of the 
International Monetary Fund 
John Williamson 

72pp. $6.00 


Available from Books By Phone, toll free 
1-800-255-2665 
(in Connecticut 1-203-966-5470) 


, MasterCard and Visa accepted 


THE MIT PRESS 





Please mention Tue AMERICAN Economic Review When Writing to Advertisers 


xiv 


New Fall Books From MIT 


Inflation, Debt, and Indexation 
edited by Rudiger Dornbusch and 
Mario Henrique Simonsen 


These essays cover frontier topics in modern 
macroeconomics and macropolicy, ranging from 
the highly theoretical to practical experiences in 
Brazil and in Europe. 

360pp. $25.00 


Global Econometrics 

Essays in Honor of Lawrence R. Klein 
edited by F. Gerard Adams and 
Bert G. Hickman 


Contributions by Paul Samuelson, Albert Ando, 
Nissan Liviatan, Wilhelm Krelle, Phoebus 
Dhrymes, Mitsuo Saito, T. W. Anderson, 

R. J. Ball, and others pay tribute to the recipient 
of the 1980 Nobel Prize in economics. They 
cover economic theory, econometric methodol- 
ogy, applied micro and macroeconomics. 

448 pp. $45.00 


Marxism, Central Planning, 
and the Soviet Economy 


Economic Essays in Honor 
of Alexander Erlich 


edited by Padma Desai 


“This is a rich, well-edited collection of articles 
on centrally planned economies ranging broadly 
from the intricacies of Marxist theory and 
resource allocation analysis to the index-number 
theoretics of Soviet defense spending." 
—Herbert S. Levine, University of Pennsylvania 
312 pp. $35.00 ; 


The Multinational Corporation 
in the 1980s . 

edited by Charles P. Kindleberger 
and David B. Audretsch 


These essays address the vital question of how 
much of the theory of direct foreign investment, 
developed a decade ago, still holds in the light of 
the shift from fixed to flexible exchange rates, 
the rise of OPEC, the increasing nationalization 
of firms, and other changes. 

384 pp. $30.00 


Original in Paperback 


Common Crisis 
North-South 
Cooperation for World Recovery 


The Brandt Commission 


Common Crisis is a call to world government 
for emergency measures to halt international 
economic collapse. In lucid and forceful terms it 
describes the crisis in trade, energy, and food, 
offering specific proposals for reversing these 
negative trends. 

184 pp. $4.95 


Macroeconomics After Keynes 
A Reconsideration of the General Theory 


Victoria Chick 


This reassessment results from the author's 
experience in using Keynes's book as the core of 
her macroeconomics courses for undergraduates 
at University College in London because of the 
rich and unique understanding it gives of the 
structure of macroeconomic interactions and 
methods of analyzing them. ‘Ms. Chick suc- 
ceeds in clearing up yet a few more errors in the 
conventional interpretation of Keynes, some of 
them quite fundamental.and basically simple.” 
—Basil Moore, Wesleyan University 

356pp. $13.95 (cloth $30.00) 


Available from Books by Phone, toll free 
1-800-255-2665 

(in Connecticut 1-203-966-5470) 
MasterCard and Visa accepted 


Write for our current economics 
catalogue 


28 Carleton Street 
Cambridge, MA 02142 


THE MIT PRESS 
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Government 


& Technical 
Progress 


A Cross-industry Analysis 
edited by Richard R. Nelson, 
Yale University 

First-of-its-kind—a study of Federal 
policies that have influenced—for better or 
worse— technical growth in seven US indus- 
tries: semiconductor, computer, aircraft, 
pharmaceutical, construction, agriculture, 
and automobile. Through careful analysis 
and research, contributors suggest the most 
productive balance between contemporary 
technological policy and economic growth. 
Contents: Introduction, Richard Nelson 
* The Semiconductor Industry, Richard Levin 
* The Computer Industry, Barbara Katz and 
Almarin Phillips « The Aircraft Industry, 
David Mowery and Nathan Rosenberg * The 
Pharmaceutical Industry, Henry Grabowski 
and John Vernon * Agriculture, Robert Evenson 
* Residential Construction, John Quigley 
* The Automobile Industry, Lawrence White 
* Government Stimulus of Technical Pro- 
gress: Lessons from American Industry, 
Richard Nelson * Indexes 
512 pp. 1982 $45.00 hardcover 
A volume in The Technology Policy and 
Economic Growth Series 


Other titles in 


Prices,Wages 
& Business 
Cycles 


A Dynamic Theory 

by Burton Klein, California Institute 

of Technology 

In a controversial rethinking of macroeco- 
nomics, the author presents a dynamic con- 
cept of competition as it relates to the overall 
performance of an industry, and makes a 
provocative case against protectionism 

and "cooperative R & D." 

Contents: Preface * Introduction e Preview 

* The relationship between risk-taking at the 
micro level & the rate of progress at the 
macro level * Utilizing technological building 
blocks to generate productivity gains * Impli- 
cations for macro models & equilibrium 
theory * Dynamic competition « Dynamic ef- 
ficiency as a process « A model of dynamic 
processes e The dynamic response to foreign 
competition « Deadweight drag & business 
cycles «e Determinants of changes in wage 
rates * The second law of dynamic econo- 
mics * Conversations with Adam Smith 

* Indexes 


250 pp. 1983 $29.50 hardcover 


The Technology Policy and Economic Growth Series 


Herbert |. Fusfeld and Richard R. Nelson, Editors 


UNDERSTANDING R & D 
PRODUCTIVITY 

edited by Herbert |. Fusfeld & 

Richard N. Langlois, Center for Science and 
Technology Policy, New York University 
168 pp. 1982 $19.50 hardcover 

THE U.S. MICROELECTRONICS 
INDUSTRY 

Technical Change, Industry Growth, 
and Social Impact 

by Nico Hazewindus, N.V. Philips, 

The Netherlands, with John Tooker 

232 pp. 1982 $25.00 hardcover 


INDUSTRIAL PRODUCTIVITY AND 
INTERNATIONAL TECHNICAL 
COOPERATION 

edited by Herbert I. Fusfeld & 

Carmela S. Haklisch, Center for Science and 
Technology Policy, New York University 

176 pp. 1982 $19.50 hardcover 


©) Pergamon Press, Inc. 


Maxwell House, Fairview Park 
Elmsford, New York 10523 


5/83/9H/108 
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Praise from John Galbraith, 
Irving Kristol, the New York Times... 


LESTER THUROW 


supplies “the best 
analysis of (he source 
of economic problems 
that I have ever read?" 


"Richly informed and informative, skillfully 
argued, and otherwise extremely good...Thurow 
has made clear—not alone, one trusts, for liberals 
—what was so wrong. 

—JOHN KENNETH GALBRAITH, The Atlantic 


"What a splendid critique it is! Bold, inci- 
sive, original" —IRVING KRISTOL, New Republic 


"His chapter on inflation is a tour de force of 
analysis and lucidity.. The rigor and breadth of his 
analysis is testimony to the richness that still 
remains in economic theory" 

—JEFFREY MADRICK, New York Times* 


$16.95, now at 
your bookstore 


Photo: Susan Koenig 
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nd the 
ste Land 


A democratic alternative 


to economic decline. 


BOWLES, 


BY SAMUEL 
DAVID M. GORDON AND 


THOMAS E. WE 


The alternative Reagan asked 


ISSKOPF. 





for- 


“by the three most interesting economists 
of the left?—-John Kenneth Galbraith 


“By and large, the economics pro- 
fession has not developed any power- 
fully convincing diagnosis of the 
stagflation which has afflicted the 
United States and world economies 
the past decade. Treatments based on 
reigning orthodox theories appear to 
be worse than the disease. So both 
economists and other concerned 
citizens should take seriously the 
refreshing and original explanations 
of our problems offered by Bowles, 
Gordon, and Weisskopf, and their 
detailed proposals for solution. It is 


good to see left-wing political econo- 
my come alive.’--JAMES TOBIN, 
Sterling Professor of Economics, 
Yale University, Nobel Laureate 

in Economics. ' 

“A novel explanation for the 
turndawn in productivity based on 
worker reactions and corporate 
control. It is well worth study and 
consideration" —KENNETH J. 
ARROW, Joan Kenney Professor 
of Economics, Stanford University, 
Nobel Laureate in Economics. 
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*Supervisory and Policy Board 


North-Holland 


just published « just published » just published + just published » just published 


INFORMATION 
ECONOMICS 
AND POLICY 


A NEW international and inter-disciplinary joumal for: 


in the fields of: 

e INFORMATION ECONOMICS 
e (TELE) COMMUNICATIONS 

e MEDIA 


* RESEARCHERS 
* EXPERT CONSULTANTS 
* POLICY MAKERS 


INFORMATION ECONOMICS AND POLICY provides an international 


. forum for research papers, short contributions and surveys with (tele) 


communications economics and policy as its core, including related 
issues on information economics and media policy. 


The contributions should be of a high quality standard and be accessible 

in language and presentation to an international, interdisciplinary 

audience. The following are typical examples of what will be included: 
- Policy issues related to economics of the media and information; 

- Economic and policy issues in the area of information goods and 
services; 

- The economic of information in public and private decision making and 
strategy; 

- Economic analysis of primary and secondary information systems; | 

- Contribution of (tele) communications and office automation to "white 
collar" productivity; 

- Economics and policy of transfer of data and knowhow and transborder 
information systems; 

- International studies of policy and economics of information systems; 

- Economics of information networks and the analysis of new information 
technology, e.g. direct satellite broadcasting, teleconferencing, viewdata; 

- Economics of information in markets, trade and competition; 

- Economics of advertising and promotion. 


Publication Information: 


INFORMATION ECONOMICS AND POLICY is scheduled for quarterly 
publication comprising + 90 pages per issue. Volume 1, number 1, 

started publication i in July 1983. 

Subscription price for volume 1 in 4 issues: Dfl. 200.00/US 399. 00, including 
postage. 





.Please mail this coupon (or photocopy) to: 


Elsevier Science Publishers 
Subscription Order Department 
P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


For customers in the USA/Canada: 
Elsevier Science Publishing Co., Inc. 
Journal Information Center 

P.O. Box 1663, Grand Central Station, 
New York, NY 10163, U.S.A. 


Please send me a free specimen copy of: 


INFORMATION ECONOMICS AND POLICY 


Name 





Professional Address ^ 
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SUPREME COURT 
ECONOMIC REVIEW 


Editor: PETER H. ARANSON, Law and Eco- 
nomics Center, Emory University 

The power of the United States Supreme Court 
to affect economic, political, and social life re- 
quires no emphasis. But until now Court-watch- 
ers have had little coherent theory in seeking to 
understand the basis for, and the consequences 
of, the Court's decisions and opinions. Now, 
leading scholars use the new discipline of Law 
and Economics to analyze key cases from each 


Term of the Court in The Supreme Court Eco- 


nomic Review. 
An annual publication of the Emory University 
Law and | esum Center, the most distin- 
ished institution of its kind, the Review 
Ocuses interdisciplinary scholarshi 
ions ofthe Court that will significantly affect the 
arrangements of American society—especially 
economic organization, property: and contrac- 


tual rights and obligations. Volume 1 covers the 
1980 Term of the Court. 

Order from ` 
MACMILLAN Publishing Com 


200D BROWN STREET, RIVERSIDE, NJ 08075 





on opin-- 


THE ECONOMICS 
OF SUPPLY AND DEMAND 


l Lawrence Klein 
Winner of the 1980 Nobel Prize in Economics 


The Economics of Supply and Demand takes a critical look at the founda- 
tion of Reaganomics—supply-side theory—and at the Keynesian doctrines it 


Arguing that neither supply analysis alone nor demand analysis alone 
explains what is happening in the economy, Klein illustrates the interaction of 
supply- and demand-side forces and the importance of that interaction in 
devising effective economic policies. — 

Challenging concepts such as monetarism and rational expectations, the 
author advocates an unconventional, almost macroeconomic interpretation of 
supply-side theory and recommends major shifts in the direction of economic 


y The Johns Hopkins University Press, Baltimore, Maryland 21218. 


$17.50 


Contents: Volume 1 
The Regulation Machine, James E. Krier, Univer- 
sity of California, Los Angeles. 
emocracy and Representation: A Reconcilia- 
tion of Ball v. James and Reynolds v. Sims, William H. 
Riker, University of Rochester. 

Incidence Analysis and the Supreme Court: An 
Examination of Four Cases from the 1980 Term, 
Charles E. McLure, Jr., Hoover Institution, Stan- 
ford University. 

Prohibition of Billboard Advertising: An Eco- 
nomic Analysis of the Metromedia Decision, Keith 
B. Leffler, University of Washington. 

Efficiency and Vicarious Liability for Punitive 


: Damages: Economic Implications of City of New- 


port v. Facts Concerts, Inc, Dorsey D. Ellis, Jr., 
University of Iowa. 

Regulating the Content and Volume of Litiga- 
tion: An Economic Analysis, George L. Priest, Yale 
University. 

ug of Washington v. Gunther: Legal and Eco- 
nomic Considerations for Resolving Sex-Based 
Wage Discrimination Cases, Cotton M. Lindsay 
and Charles A. Shanor, both, Emory University. 

Decision Sharing and Expropriable Specific 
Quasi-Rents: A Theory of Fist National Mainte- 
nance Corporation v. NLRB, Armen A. Alchian, 
University of California, Los Angeles. 


320 pages » Cloth + ISBN 0-02-918160-7 + $29.95 
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DUKE PRESS 
POLICY STUDIES DPPS 
What Role for Government? 


Lessons from Policy Research 
Edited by Richard J. Zeckhauser, Harvard, and Derek Leebaert, Harvard $37.75 


The Making of Federal Coal Policy 


Robert H. Nelson, Office of Policy Analysis, U.S. Dept. of Interior September, ca. $35.00 





Published in cooperation with the Council of State Planning Agencies 
Edited by Michael Barker, Gallatin Institute 


State Taxation Policy and Economic Growth $31.75 
Financing State and Local Economic Development 337.50: 


Rebuilding America's Infrastructure | 
An Agenda for the 1980s September, ca. $30.00 


State Employment Policy in Hard Times September, ca. $25.00 


America in Ruins 


The Decaying Infrastructure 
Pat Choate, TRW, Inc., and Susan Walter, General Electric paper, $9.75 


The World Tin Market 


Political Pricing and Economic Competition 
William L. Baldwin, Dartmouth September, ca. $45.00 
Modeling Growing Economies 


in Equilibrium and Disequilibrium 
Edited by Allen C. Kelley, Duke; Warren C. Sanderson, SUNY —Stony Brook; 
and Jeffrey G. Williamson, Wisconsin $37.50 


NEW EDITION OF CLASSIC TEXT 


The Growth of Economic Thought 


Revised and Expanded Edition 
Henry William Spiegel, Catholic University cloth, $37.50; paper, $22.50 





Duke University Press 
6697 College Station / Durham, North Carolina 27708 
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Harcourt 


Brace _JOvANOVICH 


Publishers of Baumol and Blinder’s 


PRINCIPLES OF ECONOMICS, ana ta., 


also provide these other outstanding economics texts. 


INTERNATIONAL 
ECONOMICS: 

A POLICY APPROACH, Ed. 
Mordechai Kreinin, 

Michigan State University 


This comprehensive introduction to 
international finance and trade places a 
special emphasis on international economic 
policy and policy analysis. Nine appendixes 
offer technical and theoretical discussions. 
432 pages, 1983. 


HISTORY OF THE 

AMERICAN ECONOMY: 5th Ed. 
Gary M. Walton, 

University of California, Davis 

Ross M. Robertson, 

Late of Indiana University 


Maintaining a careful balance between 
descriptive and analytical economic history, 
Walton provides a comprehensive and 
highly readable account of the development 
of American commerce. 

692 pages, 1983. 

THE 

ECONOMIC 
TRANSFORMATION 

OF AMERICA, 

1600 TO THE PRESENT, 2nd Ed. 
Robert L. Heilbroner, 

New School for Social Research 

Aaron Singer, 

Manhattan College 


This extensively revised Second Edition 
discusses the process of economic 
development in America from its founding 
to the present. Material on the Colonial 
economic struggle has been added, and the 
examination of post-war American economy 
has been updated. 

368 pages (tentative), 1984. 


MONEY AND THE ECONOMY, 
5th Ed. : 

John J. Klein, 

Georgia State University 

Providing a balanced analysis and coverage 
of the classical, Keynesian, monetarist, and 
neo-Keynesian positions, Klein explains 
financial institutions and their role in the ` 
economy, and monetary theory and policy. 
538 pages, 1982. 

CONTESTABLE MARKETS 
AND THE THEORY OF 
INDUSTRY STRUCTURE 
William J. Baumol, 

Princeton University and 

New York University 

John C. Panzar, 

Bell Laboratories 

Robert D. Willig, 

Princeton University 


Using sophisticated graphical and 
mathematical analysis, the authors present 
an integrative theory of the determinants of 
prices and industrial structure in 
contestable markets. 

510 pages, 1982. 

No examination copies; purchase only. 


FINANCIAL INSTITUTIONS, 
FINANCIAL MARKETS, 
AND MONEY 

Herbert M. Kaufman, 
Arizona State University 


Kaufman describes and analyzes financial —' 
markets and institutions in a changing 
environment, providing careful discussions 
of the role of regulation and innovation 

in the financial system and the 
interrelationship between institutions and 

the marketplaces in which they participate. 
560 pages, 1983. 


Harcourt Brace Jovanovich Publishers, 1250 Sixth Avenue, San Diego, CA 92101 
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Forecasting and 
Statistics 


ELF : TWG/ARIMA 
L1 factor analysis O BoxJenkins package 
O discriminant analysis : O seasonal and non- 
O stepwise regression with seasonal models 
residuals and forecasting O Box-Cox transformations 
O crosstabs ' LI identification, estimation 
O uses Basic commands and forecasting 
for transformations Cl statistics, SSE grid, 
O hi-res scattergram confidence intervals, etc. 
O means, standard O database manager 


deviations, etc. 
O correlation coefficients 
O 1 and 2 way ANOVA 
O report writer 
D ttest on means 
O database manager 








For Apple and CP/M 





qum mccum om ee ee a O R 


J Send me information on: O ELF = TWG/ARIMA. 
I l use: O Apple [LJ CP/M 


| Name: 





I Organization/Affiliation: 


f Address: 














I City: State: Zip: 


[| 
Mail to: THE WINCHENDON GROUP, 3907 Lakota Rd., PO Box 10114, 
Alexandria, VA 22310, or phone 1-800-431-1953 x831; in New York 

I 1-800-942-1935 x831 
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Oxfor 


The Economics of Inequality 

Second Edition 

A.B. ATKINSON, London School of Economics 
and Political Science. 'This second edition of a very 
successful book on the distribution of income and 
wealth has been substantially rewritten and 
updated. On the first edition: “Throughout the 
argument is trenchant, technically expert and yet . 
crystal clear. One really does get the feeling that 
one has here an author who is thoroughly at home 
in the field in which he is writing.” —Times Literary 
Supplement 

1983 296 pp.; 29 illus. 

cloth $27.50 paper $11.50 


Pay Policies for the Future 

Edited by DEREK ROBINSON and KEN 
MAYHEW, both of the University of Oxford. Awide 
range of specialists in the areas of arbitration and 
industrial relations contribute their ideas concern- 
ing the options open to governments in their 
attempts to influence pay. 

1983 . M4pp.; 2 tables, 1 fig. paper $9.95 
The Economic Analysis of 
Technological Change 
PAUL STONEMAN, University of Warwick. This 
book presents a comprehensive view of the eco- 
nomic approach to the analysis of technical change. 
The author examines the generation of new tech- 
nology, surveys the literature on technological 
diffusion, and investigates the impacts of new 


technology on today’s economy. 
October 1983 256 pp.; 22 illus. 
cloth $37.50 paper $14.95 


The Foundations of Macroeconomic 
and Monetary Theory 

PJ.N. SINCLAIR, University of Oxford. This 
analysis of Keynesian economics examines the key 
elements that form the basis of the real and mone- 
tary sides of the macroeconomy. The book also 
surveys models of the aggregate economy and 
focuses upon the longer-term issues of monetary 
policy and growth. 

October 1983 192 pp.; 6 tables, 83 figs. 

cloth $42.00 paper $18.95 





Marxism and the Metropolis 

New Perspectives in 

Urban Political Economy 

Second Edition 

Edited by WILLIAM K. TABB, Queens College, 
City University of New York, and LARRY 
SAWERS, American University. This volume 
brings together papers in the field of urban political 
economy in which the contributors analyze the 
spatial structure of the city, suburbanization, 
financing urban governments, urban redevelop- 
ment and transportation, and urban housing. 
November 1983 384 pp.; 4 maps 

cloth $24.95 paper $11.95 


Inequalising Trade? 

A Study of Traditional North/South 
Specialisation in the Context of Terms 

of Trade Concepts | 

JOHN SPRAOS, University College, London. 

A challenging contribution to a crucial and contro- 
versial subject, this book treats an issue that has 
dominated economic relations across the rich/poor, 
North/South divide for more than twenty-five years. 
1983 192pp.;9illus, 7 tables $32.50 


" Financial Ratios for Monitoring 


Corporate Sickness 

L.C. GUPTA, Xavier Labour Relations Institute, 
Jamshedpur, India. The core of this study deals 
with the task of empirically testing a wide variety 
of profitability and balance sheet ratios to identify 
which can offer the most meaningful warning 
signals and be built into a predictive system. 
1983 160pp.;4charts $16.95 


The Origins of Trade Union Power 
HENRY PHELPS-BROWN, London School of 
Economics. This book throws light on the sources 
and characteristics of trade unionism by singling out 
some of the critical moments and vital forces in its 
history. It examines particularly the relations 
between trade unions and the law and the 
endeavors of governments to exert controls. 
September 1983 234 pp.; 1 graph $32.50 
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Report 1983 






World Development 


THE WORLD BANK 


The World Development Report is recognized worldwide as 
essential reading for economists, students, planners and policy 
makers, bankers and busiriessmen, journalists, and development 
professionals of all kinds. World Development Report 1983 is the 
sixth in an. annual series of reports from The World Bank. It 
reviews how the developing countries have fared in the face of 
international economic trends and emphasizes the potential for 
increasing development performance through better resource 
management. The key issue raised is that of the limitations on 
governments' capacities to intervene and administer. Finance 
development and debt management are discussed as well as the 
management of public büreaucracies and the impact of foreign 
aid. The Report features full-color charts, an annotated bibliogra- 
phy, and an annex of world development indicators citing the 
most up-to-date information on developing nations. 


CONTENTS: 

Overview ` B National Economic Management 
The Prolonged Recession Managing State-owned Enterprises 
The Outlook for Developing Countries Project and Program Management ` 
"The Search for Efficiency Managing the Public Service 

The Role of the State ; Reorienting Government 

Pricing for Efficiency Concluding Themes 


Now Available 216 pp.; charts, graphs 
cloth $20.00 paper $8.00 i 


OXFORD UNIVERSITY PRESS 


—— —— 2 00) Madison Avenue, New York, New York 10016 
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Announcing A New Edition 
For Your One-Term Course... 


Now available in paperback and hardback! bee d 


INTRODUCTORY INTRODUCTORY 
ECONOMICS .. ECONOMICS 
Fifth Edition EC 

Sanford D. Gordon, New York State LEHITIEEEIEIERIEH 
Council on Economic Education, Russell "S 
Sage College 

George G. Dawson, Empire State 
College, State University of New York 


1984 Hardback and Paperback 427 pages 
Study Guide/Instructor's Guide 


Practical, real-world problems are the focus of 
this lively and accessible text for the one-term RES i 
course. Based on an analytical-problem-solviig i 
approach, the book’s proven teaching and learn- 
ing system features four broad review models 
— demand and supply, long-run equilibrium, 
pricing factors of production, and natural 
income determination. Within this conceptual framework, students are introduced to 
microeconomic and macroeconomic theory with applications to current problems and issues, 
such as the economics of pollution, small business, wage and price controls, and inflation. 
Graphic and mathematical analyses are simply and clearly presented. Highly successful 
learning aids include: chapter objectives, summaries, highlights, key terms and names, 
review questions and problems, a glossary of terms, and a new appendix on economics in 
careers. 


Highlights 
* A new step-by-step orientation into the * Completely revised chapter on the 
role and meaning of tables and graphs in effects of the recession and the compari- 
economics son between supply-side economics and 
* An update on the most recent develop- the demand-side approach of Keynes 
ments in labor relations, such as the * Updated chapter on environmental prob- 
phenomenon of "give-backs" and the lems and energy 
growing interest in quality circles * New information on our relations with 
* An expanded analysis on the impact of the Common Market, the dollar's role in 
OPEC the world economy, and the third world's 
* New information on the dramatic difficulty in paying its external debts 
changes occurring in our system of 
money and banking 


rt oes ur fa i CH o E t B t: 


D. C. HEATH. AND COMPANY 


In Massachusetts, call collect: 617-862-6650, ext. 1344 College Division 
125 Spring Street 
From D. C. Heath! neath Lexington, MA 02173 


For details or sample copies, call us toll free: 800-225-1388 
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MACROECONOMICS 
Third Edition 

Robert J. Gordon 
Northwestern University 


New edition of a proven leader in 
Intermediate Macro . . . 


"The revisions are nothing short of superb." 
William R. Hart, Miami University 


“The development of the labor market in the manuscript is far superior 
to the second edition in clarity and coherence." 
Bruce Bolnick, University of North Carolina 


"|n my judgement, it is the best blend of theory, policy and evidence at 
the intermediate level." 
Jerome L. McElroy, 5t. Mary's College 


“The thing I like best about Gordon’s text is his integration of theory 
with explanations of real economic events." 
Alan Rabin, University of Tennessee 


“| don't think I’ve read a better summary of the key propositions that 


divide the monetarists and Keynesians." 
John Flanders, Central Methodist University 


In thoroughly updating his bestselling text, Robert J. 
Gordon paid particular attention to the chapters on 
inflation and unemployment (Part Ill) — the result 
according to prepublication reviewers is "right on the 
mark." Of course, MACROECONOMICS continues to 
focus on key policy issues, to provide up-to-the-minute 
theoretical coverage, and to examine real world eco- 


MICROECONOMIC 
THEORYAND 
APPLICATIONS 


EDGAR K. BROWNING 
JACQUELENE M. BROWNING 





nomic events through intriguing case studies. The 
breadth and quality of the supplementary materials — 
including Student Workbook, Instructor's Manual, and 
"The Gordon Update" (published twice yearly) — 
make this the state of the art teaching package. 
cloth/c. 720 pages 

Available for examination in November! 


A growing new success in Micro — 
adopted by 200 schools across the 
country in less than a year 


"A superb blend of issues, analytics, and evidence." 
David E. R. Gay, University of Arkansas 


* ... there is a clarity of line or thought in the presentation of theory 
which is missing in many existing texts." 
Timothy J. Gronberg, Texas A & M University 


^1 can't remember any book that has taught me more interesting things 
in economics than this one. | am overwhelmed by the depth and 


originality of their presentation." 


MICROECONOMIC 
THEORY AND 
APPLICATIONS 
Edgar K. Browning 
University of Virginia 
Jacquelene M. Browning 
Sweet Briar College 


Roy Van Til, Bentley College 


"The treatment is masterful in combining fundamental principles with 
practical and interesting applications." 
William McEachern, University of Connecticut 


"The concepts are presented in perhaps the most lucid manner 1 have 
found in any text." 


Edward R. Kittrell, Northern Illinois University 


Fulfilling the expectations of its enthusiastic reviewers, 
MICROECONOMIC THEORY AND APPLICATIONS 
has already become one of the leading texts in the 
field. It combines solid theory, dynamic applications, 
and illuminating, two-color graphics with incompara- 
bly clear and complete coverage of core topics. 


Instructive and engaging applications are integrated 
throughout each theory chapter, and four separate 
chapters (on consumer choice theory, the competitive 
model, monopoly theory, and input market analysis) 
are devoted entirely to applications. 

cloth/604 pages/1983 





LITTLE, BROWN AND COMPANY 34 Beacon Street, Boston, Massachusetts 02106 
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New from The World Bank . 








Rural Financial Markets in Developing Countries 
THEIR USE AND ABUSE 

edited by J. D. von Pischke, Dale W. Adams, and Gordon Donald 
A wide-ranging exploration of the problems plaguing rural financial 
markets in developing countries. The authors discuss the develop- 
mental role of finance, credit and finance in farm households, the 
operation of both urban-based and local financial institutions in rural 
areas, and national policies affecting rural financial markets. 

The authors view credit as part of financial markets, rather than as an 
adjunct to agriculture or rural development — a perspective that challenges 
widely held notions about the benefits of low interest rates to rural 
development, the ability of small farmers to save, and the fairness of 
informal types of moneylending. $32.50 


















Food Policy Analysis 
C. Peter Timmer, Walter P. Falcon, and Scott R. Pearson 


Food Policy Analysis describes how food systems — the mechanisms by 
which farm commodities are produced, transformed into food, and sold to 
consumers — function in different environments and discusses policy 
interventions that can give the poor greater access to food. 

The authors' analysis has three components: the behavior of food con- 
sumers and producer households; the effects of macroeconomic forces on 
the performance ofthe food system; and the role of markets, both domestic 
and international, in linking household issues in the micro sector to policy 
issues in the macro economy. $25.00 hardcover, $12.95 paperback 
















International Finance for Food Security 


Barbara Huddleston, D. Gale Jobnson, 

Sblomo Reutlinger, and Alberto Valdés 

An examination of the economic justification for creating an international 
facility to finance a portion of the food imports to developing countries 
when special needs arise. Using a stochastic simulation model, the authors 
analyze the likely destabilizing effectand benefits ofthe financial facility for 
different policy scenarios and countries. They also evaluate the possible 
contribution of such a facility and assess the merits and probable effects of a 
facility that has been adopted by the International Monetary Fund. $15.00 















Publisbed for Tbe World Bank by 


The Johns Hopkins University Press 
Baltimore, Maryland 21218 
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Begin making plans to attend the 


N inety-S ixth 


Annual Meeting of 
"The American 
Economic Association 


(in Conjunction with Allied Social Science Associations) 
to be held in 


SAN FRANCISCO, CA. 


Dec. 28-30, 1983 


The Employment Center opens Tuesday, December 27. 


See the Notes section of the September AEA for the American Economic Associa- 
tion’s preliminary program. 


The 1984 meeting will be held in Dallas, TX, December 28-30. 

















~The ‘84 outlook... 
alt never looked so good! 





B 


third edition: 


MACROECONOMICS dE 
Paul Wonnacott, University of Maryland 
e Workbook/Study Guide | .* Instructor's Manual 





i krediton 


‘MANAGERIAL ECONOMICS” ^ |7 
Text, Problems, and Short Cases 


a UA 
cy 
















th - K.K. Seo, University of Hawaii-Manoa 
o. Study. Guide £e 2.1 "Instructor's Manual - 
E fourth edition - 
 Explorations into. the Hunde Experience: 
D Gordon Tullock, Virginia Polytechnic and State University `; 
"e Richard B. McKenzie, Clemson University M 
* (7e paperback, ` : 
fifth edition d 
LABOR ECONOMICS Aer 
Wages, Employment, Trade Unionism, and Public Poli naso 
n F. Ray Marshall, University of Texas at Austin ge 
Ay Vérnon M. Griggs, Jr., Cornell Univeristy m 
» Allan G. King, University of Texas at Austin * 
- ^ T i M. t 
When requesting examination copies of these VIAIOHAIRETE ES for adoption consideration, please 
icale course title and text presently used. S 
v e s" of £e. ^| 
-T RichardD. - um m 
| NIS o = Ki 
|. IRWIN* Inc. à 3 OCT 364 ^ 2 3 23 
Homewood, Illinois 60430 NEN : - 


